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I,  A  CRITICAL  STUDY  OF  THE  METHODS  BlfPLOTED  IN  THE  OBSBBTAHOHB 
ON  THE  CEBEBROSPINAL  FLUID 

Inlrodtiction 

Recent  publicatioDB  regarding  the  formalioQ  of  the  cerebrospinal 
fluid  havij  been  so  numerous  and  at  first  glance  so  complete  and  care- 
fully controlled,  that  further  work  on  the  subject  should  be  uimeces- 
sary.  To  masy  this  seems  to  constitute  a  completed  chapter  in  phys- 
iology, for  they  believe  that  it  has  been  established  definitely  and 
clearly  that  the  cerebrospinal  fluid  is  formed  by  a  secretory  process, 
and  that  this  process  is  capable  of  stimulation  and  inhibition  by  sub- 
stances of  plant  and  animal  origin.  However,  the  fact  that  some 
important  mechanical  factors  have  been  disregarded  by  some  and 
under-estimated  by  others,  justifies  us  in  the  publication  of  a  paper 
embodying  the  results  of  our  experiments.  We  wish  to  introduce  in 
conmderablc  detail  the  data  from  our  work — a  procedure  followed  by 
none  of  our  recent  predecessors  in  the  field — so  the  reader  may  satisfy 
himself  in  regard  to  the  number  of  experiments,  the  results,  and  the 
variations  between  experiments  where  variations  existed. 

General  ataiement  <^  the  prc^lem 

An  analysis  of  the  problem  involved  and  a  review  of  the  literature 
covering  the  formation  of  the  cerebrospinal  fluid,  show  that  the  subject 
divides  naturally  into  two  sections:    The  study  of  the  actual  separa- 
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tion  of  the  fluid  from  the  blood  or  lymph,  and  the  laws  governing  the 
process;  and  the  study  of  the  movement  of  the  fluid  lying  free  in 
the  sub-arachnoid  space  and  its  communicating  cavities.  This  latter 
study  is  a  complex  one,  because  the  fluid  may  or  may  not  be  retained 
in  the  various  recesses  of  the  subdural  spaces  and  the  central  canal 
when  the  attempt  is  made  to  drain  out  the  pre-formed  fluid,  or  to 
collect  that  newly  formed.  Besides,  to  that  already  present  more  may 
be  added  by  new  formation,  or  from  it  some  may  be  removed  by  absorp- 
tion along  the  natural  channels.  Writers  on  this  subject  have  not 
discruninated  with  sufficient  care  between  these  two  phases.  Many 
may  have  been  studying  the  movements  of  the  fluid  while  assuming 
that  they  were  studying  the  formation  of  the  fluid.  This,  together 
with  the  fact  that  conclusions  are  sometunes  given  instead  of  experi- 
mental data,  and  that  no  mention  is  made  of  the  number  of  experi- 
ments or  of  the  limits  of  variations  between  experiments,  leaves  the 
reader  much  in  doubt  regarding  the  truth  of  the  situation  in  the  study 
of  the  formation  of  the  cerebrospinal  fluid. 

Critical  reoiew  of  the  status  of  the  formation  of  cerebrospinal  fiuid 

The  first  problem — the  study  of  the  actual  separation  of  the  fluid  and 
the  mechanism  involved — has  never  been  solved  sufliciently  to  warrant 
a  definite  statement  regarding  even  the  structure  concerned  in  the 
formation.  Thus  the  mechanism  of  the  separation  must  of  necessity 
have  remained  untouched.  The  general  consensus  of  opinion  regard- 
ing the  process  is  that  it  is  a  secretory  one,  an  idea  advocated  first  by 
Faivre  in  1853  (1).  The  secretory  theory  was  held  to  be  supported 
by  the  observation  made  by  Cappelleti  (2)  that  pilocarpine  and  other 
drugs  usually  considered  secretogc^ues  increased  the  amount  of  fluid 
which  escaped  from  a  temporary  or  permanent  fistula  made  into  the 
dural  canal.  The  direct  evidence  that  the  process  is  secretory,  and  that 
the  choroid  plexus  ia  concerned  in  the  process  is  purely  anatomical. 
Petit  and  Girard  (3)  described  changes  in  the  cells  of  the  choroid 
plexus  after  secretory  drugs,  particularly  after  pilocarpine  and  mus- 
carine, phanges  which  were  interpreted  as  evidences  of  secretion.  This 
■work  was  confirmed  and  extended  by  Meek  (4),  To  quote  from  the 
latter  author: 

In  the  case  of  the  rabbit  and  the  guinea  p^  muscarine  produces 
decisive  results. 
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Often  aa  maoy  ob  two-thirda  of  the  cells  show  evidence  of  aecretion.  Nor- 
mally the  epithelial  cella  in  the  rabbit  are  six  micra  high,  but  here  the  height  has 
increased  to  twelve  micra.  A  difFerentiatioa  into  two  lones,  a  basal  graaular  and 
an  outer  clear  zone  is  suggested,  but  is  not  so  well  marked  as  in  the  figures  of  Petit 
and  Girard.  The  granulation,  however,  is  always  heavier  and  more  compact 
toward  the  base  of  the  cell.  Clear  spaces  begin  to  appear  toward  the  top,  and 
rarely  does  the  stainable  cytoplasm  extend  to  the  upper  cell  weii.  Masses  of 
larger  granules  are  common  in  the  upper  part  of  the  cell,  where  the  lines  forming 
the  reticulations  cross.  The  nucleus  remains  globular  with  a  clear  outline,  in 
fact  it  is  not  distiDguishable  from  that  of  the  resting  cell.  The  two  things  most 
striking  about  these  modified  cells  are  their  increase  in  height  and  the  appearance 
of  BO  mucli  clear  space  at  the  distal  side  of  the  nucleus. 

If  we  turn  now  to  the  work  of  Langley  (5),  we  find  the  following 
(p.  263)  regarding  the  parotid  gland  of  the  rabbit: 

The  atveoli  of  the  parotid  of  a  hungry  rabbit  taken  fresh  from  the  animal  and 
atonceexamined  are  granular  throughout;  there  is  no  division  into  an  outer  clear 

and  an  inner  granular  zone But  if  the  gland  be  thrown  for  some 

time  into  a  state  of  activity  either  by  stimulating  the  sympathetic  in  the  neck, 
or  by  injecting  pilocarpine,  or  by  feeding,  the  alveoli  alter  their  appearance  and 
instead  of  being  granular  throughout  become  clear  at  their  outer  portion  near 
the  basement  membrane,  and  thus  show  an  inner  granular  and  an  outer  clear, 

non-granuUr,  zon« The  longer  the  gland  is  stimulated  the  more 

envious  the  outer  clear  zone  becomes,  so  that  at  length  some  alveoli  may  show 
scarcely  any  granules The  cells,  too,     ....     become  smaller 

at  the  same  time  such  nuclei  as  were  irregular,  or  were  compressed 
become  spherical,  and  move  somewhat  toward  the  center  of  the  cell  ,  .  .  . 
(p.  279).  In  the  mucous  glands  during  secretion  the  changes  in  life  are  less  readily 
followed,  but  they  are  probably  similar  to  those  mentioned  above.  In  activity 
the  granules  are  used  up,  and  disappear  first  from  the  peripheral  parts  of  the  cell. 

The  infraorbital  and  lachrymal  glands  show  an  outer  clear  and  an 
inner  granular  zone  in  activity,  even  more  distinctly  than  the  parotid. 

A  comparison  of  these  statements  leads  one  to  suspect  some  error. 
In  the  case  of  the  parotid  and  other  glands  examined  by  Langley, 
resting  cells  are  granular  throi^hout,  and  during  activity  become 
smaUer,  the  cytoplasm  is  differentiated  into  an  inner  (i.e.,  toward  the 
free  edge)  granular  and  an  outer  (basal)  dear  zone,  and  the  nuclei  become 
Us8  distorted  and  move  toward  the  center  of  the  cell.  In  the  case  of 
the  choroid  plexus  the  resting  cells  are  granular  throughout;  during 
activity  the  cells  become  lai'ger — at  least  they  are  doubled  in  height, 
the  cytoplasm  is  differentiated  into  an  outer  (i.e.,  toward  the  free  edge) 
dear  and  an  inner  (basal)  granular  zone  and  the  nucleus  cannot  be  dif- 
ferentiated from  the  nucleus  of  the  resting  cell.  Here,  then,  are  changes 
in  two  structul-es,  changes,  so  far  as  can  be  determined  from  reading 
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the  accounts,  exactly  opposite  in  character,  yet  both  are  conBidered 
evidences  of  physiological  activity,  and  what  is  more  puzeling  ae 
evidences  of  the  same  activity,  viz.,  of  secretion. 

It  is,  therefore,  evident  that  while  anatomical  changes  are  produced 
in  the  choroid  plexus  by  the  action  of  drugs  commonly  producing 
secretion,  such  as  muscarine  and  pilocarpine,  the  significance  of  this 
change  is  one  of  interpretation  only,  and  more  than  one  interpretation 
is  possible.  Instead  of  considering  that  this  change  described  in  the 
choroid  means  secretion,  one  might  with  equal  right  assert  that  from 
the  anatomical  evidence  the  choroid  plexus  is  an  organ  of  absorption 
of  the  cerebrospinal  fiuid  as  shown  by  the  increased  height  of  the  cells. 

From  the  physiolc^ical  side  we  have  some  experiments  which  bear 
on  the  general  seat  of  formation  of  the  fluid.  Dandy  and  Blackfan  (6) 
apparently  were  the  first  to  produce  artificial  internal  hydrocephalus. 
They  occluded  the  aqueduct  of  Sylvius  by  introducing  a  gelatine 
capsule  filled  with  cotton  or  gauze.  The  train  of  symptoms— lethai^ 
and  vomiting — dated  from  the  time  of  operation,  and  was  considered 
undoubted  internal  hydrocephalus.  Frazier  and  Feet  (7),  using  a 
slightly  different  method,  observed  the  same  phenomena  in  their 
animals,  but  the  onset  was  noticeably  slower.  Neither  of  these  authors 
specifically  claim  that  their  experiments  prove  that  the  fluid  is  formed 
by  the  choroid  plexus,  but  it  is  easy  for  the  reader  to  infer  that  the 
experiments  make  it  more  than  probable  that  such  is  the  case.  In 
actual  fact  these  experiments  do  not  prove  the  point  of  origin  of 
fluid  beyond  the  fact  that  it  may  originate  above  the  aqueduct  of 
Sylvius;  they  simply  confirmed  the  wdl-known  facts  of  internal  hydro- 
cephalus. They  do  not  prove  the  specific  point  of  formation,  for  in 
the  region  under  observation  increased  formation  might  result  from 
activity  of  the  choroid  plexus,  from  stimulation  of  the  ependyma  cells 
lining  the  ventricles,  from  increased  transudation  from  the  capillaries 
or  from  the  formation  of  intracranial  lymph;  any  one  or  all  of  these 
factors  may  be  involved.  Further,  the  rate  of  formation  may  be 
perfectly  normal,  the  whole  pathology  bdng  merely  decreased 
absorption. 

The  same  objections  hold  for  the  experiments  of  Weed  and 
Gushing  (8),  who  in  the  title  of  their  paper:  "Studies  on  cerebrospinal 
fluid.  The  effect  of  pituitary  extract  upon  its  secretion  (choroidorrhoe) " 
go  on  record  as  accepting  as  a  fact  the  secretion  of  the  fluid  by  the 
choroid  plexus,  and  apply  the  tfflm  "choroidorrhoe"  to  the  apparent 
but  not  necessarily  r«J  "increased  secretory  activity  of  the  choroid." 
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These  authors  believe  that  the  secretory  rAle  of  the  choroid  in  the 
formation  of  the  fluid  is  proved  by  the  work  of  Cappelleti  (2),  Petit 
and  Girard  (3)  and  others;  and  on  the  basis  of  secretion  they  explain 
their  observations  which  are  recorded  in  two  places:  a,  Experiments 
described  in  general  terms  by  Weed  (9),  in  which  the  aqueduct  was 
catheterized  after  which  a  few  drops  of  fluid  escaped.  This  was  fol- 
lowed by  a  "flow  for  from  three  to  four  hours,  the  rate  of  escape  from 
the  catheter  being  gradually  slowed.  The  final  cessation  of  flow  is 
apparently  due  to  exhaustion  of  the  choroid  plexus  under  experimental 
conditions."  b,  Ebcperiments  reported  by  Weed  and  Gushing  (S)  on 
animals  in  which  the  fluid  was  allowed  to  escape  from  the  eiatema  magria 
and  from  the  third  ventricle.  In  some  of  the  latter  the  aqueduct  was 
catheterized,  in  others  a  needle  was  inserted  into  the  third  ventricle 
through  the  corpus  callosum.  Neither  of  these  experiments  proves 
the  seat  of  origin  of  the  fluid  to  be  the  choroid  for  any  of  the  factors 
mentioned  above  may  be  eoncCTned  here  as  well.  They  do  not  elimi- 
nate positively  in  all  their  experim^its  the  possibility  of  the  flow  being 
due  entirely  to  preformed  fluid,  or  to  fluid  formed  under  decreased 
pressure  during  the  experiment.  The  details  of  the  criticism  wiU  be 
taken  up  later.  The  observation  of  Gushing  in  man  that  lotion 
of  the  choroid  is  followed  by  a  cessation  of  the  secretion  is  to  the  point. 
Unfortunately  the  author  does  not  state  whether  the  immediate  cessa- 
tion was  a  stopping  of  the  "sweating"  process  observed  at  the  time  of 
operation  or  whether  the  ligation  was  followed  by  a  permanent  cessar 
tion  of  symptomB  due  to  excessive  formation.  We  are  inclined  to 
beheve  that  no  excessive  formation  was  present  in  the  case  cited  by  the 
author  named,  so  the  former  must  have  been  meant,  for  he  says:  "On 
one  or  two  occasions,  I  have  had  the  opportunity  in  man  to  observe 
the  main  plexus  at  the  bottom  of  a  la^e  porencephalic  cavity,  emptied 
of  its  contents,  and  have  seen  the  fluid  exuding  from  the  surface  of  the 
structure.  In  one  ....  the  plexus  was  removed,,  and  in 
another  the  entering  blood  vessels  were  ligated  with  immediate  cessa- 
tion of  the  secretion,"  He  evidently  considers  this  a  direct  observa- 
tion of  the  normal  function  of  the  plexus  in  secreting  the  fluid.  Weed 
observed  sweating  of  the  pia-arachnoid  but  considers  it  pattiological, 
primarily  due  to  alteration  of  the  pressure  on  the  membrane  after 
removal  of  the  calvarium.  However,  this  observation  was  made  long 
before  that  recorded  by  Weed,  for  Spina  (10)  reports:  If  adrenal 
extract  is  injected  intravenously  into  a  curarized  dog,  the  brain  which 
has  been  laid  bare  for  direct  observation  becomes  hyperemic,  swells 
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and  becomes  more  wet;  or, — a  fact  upon  which  special  emphasis  must 
be  placed — drops  of  fluid  appear  upon  the  surface  during  the  time 
the  brain  is  enlai^ng.  Thus  it  becomes  evident  that  the  appearance 
of  drops  of  fluid  upon  the  appendages  of  the  brain  is  not  confined  to 
one  structure,  the  choroid,  for  it  is  seen  over  the  whole  surface;  and 
thus  it  is  impoasible  to  decide  from  direct  observation  which  one  of 
these  normaUy  gives  rise  to  the  fluid.  In  the  observations  cited,  those 
by  Cushiag  were  made  under  conditions  practically  identical  with  those 
by  Weed;  if  one  set  was  pathological,  then  the  other  must  have  been 
also.  Neither  does  the  effect  of  the  ligation  of  the  vessels  entering 
the  choroid  plexus  give  convincing  evidence  on  the  subject,  for  such 
an  operation  would,  by  producing  anemia,  prevent  either  normal  or 
pathological  processes  of  new  formation  in  almost  any  gland  except 
the  most  resistant,  and  even  in  these  activity  would  be  possible  only 
for  a  few  minutes  at  most. 

Experiments  in  dogs  in  which  the  choroid  has  been  removed,  should 
prove  this  point,  but  to  our  knowledge  such  experiments  of  a  con- 
clusive character,  although  attempted  many  times  (24),  never  were 
performed  with  complete  success,  undoubtedly  on  account  of  the 
difficulty  of  removal  of  the  plexus  in  the  living  animal.  The  reports 
in  the  literature  are  not  complete  enough,  nor  have  enough  experi- 
ments been  performed  successfully  to  draw  definite  conclusions  as 
regard  the  function  of  the  choroid,  and  its  relation  to  fluid  formation. 

Finally,  the  experiments  of  Dixon  and  Halliburton  (11),  (12)  may 
be  interpreted  as  showing  the  specific  action  of  the  choroid  in  the  for- 
mation of  cerebrospinal  fluid,  for  these  authors  claim  to  have  observed 
increased  formation  of  the  fluid  following  the  injection  of  extracts  of 
tiie  choroid  plexus,  homologous  and  heterolc^ous  in  origin.  The 
evidence  offered  on  this  point  by  these  authors  is  not  conclusive,  because 
their  results  will  be  shown  to  be  capable  of  an  exphmation  on  an  entirely 
mechanical  basis.  These  extracts  produced  marked  mechanical  changes 
in  the  vascular  system,  and  these  changes,  not  increased  secretion  in 
response  to  a  specific  hormone,  may  well  have  been  the  cause  of  the 
change  in  volume  of  the  contents  of  the  dural  canal  and  hence  of  the 
fluid  pressure,  or  the  rate  at  which  the  fluid  escaped  from  the  needle. 
Further,  the  extracts  of  choroid  plexus  act  upon  other  structures  as 
well,  having  a  rather  marked  lymphagogue  action. 

A  consideration  of  the  facts  as  stated  shows  clearly  that  the  point  of 
origin  of  the  fluid,  the  structures  concerned  in  its  elaboration,  and  the 
nature  of  the  process  involved,  are  not  known.     Our  own  work  in  the 
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Geld  does  not  bear  on  this  point  more  than  that  of  our  predecessorK 
For  that  reason  we  aay  frankly  that  we  do  not  know  the  point  of  origin 
nor  the  mechanism  of  formation  of  the  cerebrospinal  fluid.  While  far 
from  being  prejudiced  against  the  secretory  theory  of  the  formation  of 
the  fluid,  we  do  not  believe  that  there  is  as  yet  any  clear-cut  evidence 
that  the  actual  process  of  formation  is  secretory  or  that  the  fluid 
comes  normally  from  the  choroid  plexuH. 

Critical  review  of  the  movtiments  of  the  fluid 

The  second  problem — the  movements  of  the  fluid  in  the  canal — is 
the  one  usually  studied  when  the  problem  of  "the  formation  of  the 
cerebrospinal  fluid"  is  under  consideration.  But  as  has  already  been 
pointed  out,  the  rate  of  outflow  or  the  alterations  in  pressure  may  have 
absolutely  no  relation  to  the  rate  of  new  formation.  The  amount  of 
fluid  in  the  canal  may  remain  constant,  but  owing  to  increased  volimie 
or  pressure  of  blood  in  the  skull,  or  the  increased  oscillations,  the  amount 
'  of  fluid  escaping  or  the  pressure  recorded  by  a  manometer,  may  be 
markedly  increased.  The  difficulties  encountered  in  the  study  of  this 
process  are  numerous:  New  formation  and  absorption  may  or  may 
not  be  going  on,  both  at  unknown  rates.  If  the  method  adopted 
requires  the  emptying  of  the  dural  c&nal,  as  so  many  do,  some  fluid 
will  always  be  left  behind,  no  one  knows  how  much  or  how  little.  If  a 
part  or  all  of  the  fluid  is  emptied  from  the  canal,  the  removal  by  reduc- 
tion of  pressure  alters  conditions  within  the  system  to  such  an  extent 
that  the  mechanism  of  formation  may  change  entirely,  the  normal 
being  held  in  check  and  a  new  one  instituted.  The  study  of  the  cere- 
brospinal fluid  formation  is  surrounded  by  the  same  difficulties 
encountered  in  the  study  of  the  formation  of  urine,  if  the  experunenter 
had  to  work  on  an  animal  with  a  rigid  abdomen,  which  could  not  be 
opened,  with  the  bladder  replaced  by  a  rigid  vessel  of  unknown  size 
partly  filled  with  unknown  and  varying  amounts  of  fluid,  some  being 
newly  formed,  some  being  absorbed  through  the  natural  pathway,  with 
the  urethra  the  only  avenue  of  approach.  Moreover  to  increase  the 
diflSculty  in  the  case  of  the  fluid  no  natural  avenue  of'approach  exists, 
so  an  artificial  one  must  be  made,  usually  by  the  msertion  of  a  needle 
at  some  convenient  point  into  the  canal. 

Limiting  the  study  to  the  beha^-ior  of  the  fluid  rendered  accessible 
by  inserting  a  needle  or  cannula  into  the  subarachnoid  space  or  one 
of  its  communicating  cavities,  a  review  of  the  methods  employed  in 
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the  study  of  the  probl^n  becomes  necessary,  llieee  methods  fall 
naturally  into  two  classes  and  a  number  of  modifications,  each  having 
some  advantages  over  the  other.  In  one  case  the  attempt  is  made  to 
determine  the  amount  of  fluid  formed  direcUy,  by  measuring  the  rate 
of  outfiow  of  fluid  in  dropB;in  the  other,  to  arrive  at  the  amount  formed 
indireedy  by  measuring  the  alterations  in  the  pressure  of  the  fluid. 
Ab  is  evident  from  this  first  and  simplest  statement,  the  outflow  method 
can  record  only  those  cases  in  which  there  is  an  increase  in  the  fluid, 
and  hence  it  is  only  as  applicable  as  a  maximum  manometer  would  be 
to  aU  the  phenomena  of  blood  pressures.  The  pressure  method  is 
adapted  to  measure  both  increases  and  decreases  in  the  volume  of 
fluid.  Hius  in  our  jud^ent  the  latter  method  is  far  preferable  to 
the  former  or  any  of  its  modifications. 

Ou^Uw  meStodt 

1.  Temporary  fisiulae.  T^nporary  and  permanent  fistulae  have 
been  established.  The  first  we  noted  to  have  used  the  fistula  method 
was  M^endie  (13).  To  enum^nte  all  those  who  have  used  this 
method,  some  ^nploying  the  lumbar  region  and  others  the  simpler 
expedient  of  inserting  the  needle  into  the  canal  through  the  oocipito- 
atlantal  ligament,  would  involve  unnecessary  repetition.  This  method, 
or  some  of  its  modifications,  is  the  one  most  commonly  used  in  the 
past.  The  slow  dropping  of  fluid  from  the  needle  after  the  first  gush 
has  ceased  has  been  considered  the  normal  rate  of  formation,  for  it  has 
been  argued  that  a  drop  of  fluid  must  have  been  formed  within  the 
canal,  else  the  drop  juat  lost  would  not  have  made  its  escape.  The 
drops  have  been  recorded  electrically  on  a  smoked  drum,  thus  making 
a  graphic  record  of  the  experiment. 

Some  of  the  sources  of  error  in  the  outfiow  method  are  so  obvious  as 
to  be  self-evident,  others  are  more  subtle:  The  first  is  the  objection 
to  the  alterations  of  pressure.  Much  of  the  fluid  already  present  in 
the  canal,  and  much  of  that  possibly  being  formed  during  the  course 
of  the  experiment,  is  drained  out,  thus  reducing  the  pressure  in  the 
canal  which  is  normally  positive  to,  or  almost  to,  zero — a  change  which 
in  itself  will  probably  produce  changes  in  the  rat«  of  formation,  in 
either  a  positive  or  a  n^!;ative  direction,  with  the  former  the  more 
probable.  For  this  reason  it  is  more  than  likely  that  the  enormous 
quantities  of  fluid  reported  by  clinicians  as  draining  from  the  ear  or 
the  nose,  in  cases  of  congenital  defect  or  after  compound  fracture  of 
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the  skull,  repreeent  not  the  nonnal  rate  of  fonnatloa  but  the  surprising 
powers  of  the  structures  produciDg  the  fluid  to  regenerate  it  after  Ices. 
On  the  other  hand,  this  fluid  may  not  be  of  normal  composition  at  all, 
but  a  transudate  from  the  blood  exuding  in  drops  because  of  the  almor- 
mal  differences  between  the  preaeure  in  the  blood  vessels  and  the 
pressure  in  the  dural  canal.  A  process  of  this  kind  can  beet  be  observed 
by  injecting  adrenalin  intravenously  after  removal  of  the  calvarium, 
80  that  the  pia  mater  may  be  observed  directly.  In  this  experiment 
drops  of  water  (fluid)  appear  on  the  pia  and  to  this  process  the  term 
"sweating"  has  been  applied  (10).  Whether  Hub  is  the  normal 
mechanism  working  at  a  higher  rate  than  nonnal,  or  an  abnormal 
mechanism,  has  not  been  determined,  but  we  believe  the  latter  view 
to  be  the  more  probable  one. 

Some  of  the  later  investigators  recc^nized  the  vahdity  of  this  objec- 
tion. Thus  Weed  and  Cuahing  (8)  attempted  to  avoid  the  reduction 
of  tJie  intradural  pressure  hy  substituting  for  the  wide  needle  a  narrow 
one  or  a  catheter  calibrated  to  deliver  fluid  under  a  pressure  estimated 
to  be  equal  to  that  noimaUy  existing  in  the  canal.  They  limited  the 
mftTimiim  pressure  at  all  times  to  the  resistance  of  the  catheter  or 
needle,  even  in  the  animals  subjected  to  pituitrin  injections  in  which 
it  can  be  shown  by  other  methods  the  fluid  pressure  may  rise  far  above 
the  normal.  Hence  their  method  does  not  do  what  they  claim  for  it: 
"Pressures  approximating  the  normal  were  maintained  within  the 
ventrieles."  For  while  the  resistance  offered  by  the  catheter  or  the 
needle  may  be  the  normal  at  the  beginning  for  the  animal  without 
injection,  it  ceases  to  be  the  normal  with  the  injection,  for  this  resistance 
does  not  increase  as  the  pressure  in  the  skull  increases,  as  would  be  the 
case  in  the  intact  canal.  Therefore,  the  outflow  may  show  not  new 
formation,  but  increased  outflow  of  fluid  displaced  by  the  increased 
intracranial  pressure,  due  to  vascular  changes.  Since  the  vascular 
pressure  changes  and  the  pressure  of  the  cerebrospinal  fluid  remains 
^e  same,  being  limited  to  the  resistance  of  the  needle,  it  follows  that 
the  differences  in  the  pressure  of  the  fluid  in  the  vessels  and  the  fluid  in 
the  subarachnoid  space  is  greater  by  this  method  as  well  as  by  the  other. 
These  pressure  differences  are  somewhat  smaller  than  by  the  ordinary 
outflow  method,  but  are  in  the  same  direction,  hence  the  conditions 
necessary  for  filtration  or  for  transudation  exist  but  in  a  smaller  degree 
in  this  method  as  well  as  in  the  older  ones.  (See  fig.  6  in  the  follow- 
ing tuticle). 
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A  further  objection  is  the  fact  that  by  the  outflow  method  the  presiturtt 
of  fluid  in  the  canal  is  limited  artificially  a^  all  times  to  the  pressure 
required  to  force  fluid  through  the  needle,  instead  of  being  higher  or 
lower  depending  upon  the  vascular  condition  of  the  skull.  For  this 
reason  under  the  influence  of  hemodynamic  dn^  or  under  physiological 
manipulation,  the  differences  between  arterial  and  venous  pressures 
on  the  one  hand  and  fluid  pressure  on  the  other  become  abnormally 
great — a  condition  which  does  not  arise  under  some  of  the  other  methods 
onployed.  This  error  is  only  a  variation  of  the  error  due  to  reducing 
the  pressure  by  emptying  the  canal. 

The  second  objection  to  the  outflow  method  is  the  inability  of  any 
worker  to  empty  the  canal  completely.  A  consideration  ^one  of  the 
complicated  system  of  passages  and  reservoirs  is  sufficient  to  bear 
out  this  Btatemeot.  There  is  sure  to  be  blocking  of  a  part  of  the  fluid 
at  some  strait  in  the  system  either  within  or  without  the  central  nervous 
^stera.  Then,  later,  when  the  experiment  is  under  way,  and  the 
cord  and  the  medulla  move  with  each  respiration  and  each  heart  beat — 
uniform  movement  of  the  anesthetic  is  properly  adjusted^this  pre- 
f(Hiued  fluid  flows  from  a  higher  to  a  lower  level  from  gravity,  or  from 
a  cavity  under  higher  pressure  to  the  fourth  ventricle  where  the  pressure 
is  limited  as  a  maximum  to  the  pressure  required  to  force  liquid  throiyjh 
the  needle.  Then  it  escapes  gradually  and  steadily  to  the  outside, 
simulating  a  "normal  rate"  of  secretion.  A  uniform  rate  of  escape, 
it  is  true,  but  this  is  not  necessarily  a  measure  of  the  rate  of  formation, 
for  it  may  be  only  a  measure  of  the  rate  of  escape  of  preformed  fluid, 
or  the  rate  at  which  it  may  be  formed  if  its  free  escape  is  permitted. 
This  outflow  of  preformed  fluid,  we  believe,  is  the  so-called  "normal 
rate  of  formation"  recorded  by  many  authors.  This  flow  is  said  not 
to  persist  after  the  fifth  hour,  even  in  an  animal  as  large  as  a  goat  (11), 
where  the  blood  pressure  is  still  fairly  high  at  the  end  of  the  experiment, 
a  fact  which  makes  our  explanation  that  the  "  normal  rate  of  formation" 
represents  the  leakage  of  preformed  fluid  all  the  more  probable. 

Numerous  expedients  have  been  adopted  to  avoid  this  error.  The 
best  was  the  one  adopted  by  Dixon  and  Halliburton  who  abandoned 
the  outflow  for  the  manometer  method.  Weed  and  Cushing  attempted 
to  eliminate  it  by  showing  that  in  some  experiments  after  ventricular 
catfaetherization  the  total  amount  of  fluid  collected  was  greater  than 
that  normally  found  in  the  ventricles.  This  expedient  is  hardly  satis- 
factory because  the  amount  found  in  the  ventricles  varies  within  such 
wide  limits.     In  our  opinion  3  cc.  is  a  lai^e  but  not  abnormal  ajnount 
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of  fluid,  for  we  have  several  times  collected  as  much  from  the  ventricles 
of  cats  in  mtae  work  on  immunity,  where  normal  animals  were  used. 
The  expedient  of  transcallosal  puncture  did  not  avoid  this  error  for 
when  they  enter  the  third  ventricle  by  the  transcallosal  route,  they 
leave  the  aqueduct  of  Sylvius  open;  therefore,  as  the  pressure  in  the 
t^ird  ventricle  is  lowered  by  drainage  all  the  fluid  in  the  fourth  ven- 
tricle and  in  the  subarachnoid  space  can  be  drawn  upon  to  make  good 
the  deficit.  While  it  is  believed  the  direction  of  the  flow  of  fluid  is 
normally  from  the  third  ventricle  into  the  fourth  through  the  aqueduct, 
there  is  no  reason  for  thinking  that  under  the  conditions  of  this  experi- 
ment the  movement  of  fluid  might  not  be  in  the  opposite  direction, 
also.  This  is  borne  out  by  experiment:  If  a  saline  solution  of  methyl- 
ene blue  is  injected  in  small  amount — 1  cc. — into  the  fourth  ventricle 
of  an  animal  with  a  trocar  in  the  third  ventricle  according  to  the 
method  of  Weed  and  Gushing,  the  dye  appears  at  once  in  the  fluid  from 
t3ie  third  ventricle.  Low  pressure  was  used  in  the  injection.  This 
shows  that  the  fluid  can  pass  from  the  fourth  to  the  third  ventricle, 
and  that  in  the  experiments  described,  except  in  those  in  which  catheter- 
isation  of  the  ventricle  was  practised,  the  fluid  secured  from  the  third 
ventricle  was  subject  to  the  same  influences  as  the  fluid  secured  from 
the  aetema  magna  by  the  other  method.  And  even  in  those  experi- 
ments in  which  the  third  ventricle  was  catheterized  the  fluid  is  sub- 
ject to  the  alteration  of  pressures  and  the  data  to  the  error  pointed  out 
for  the  outflow  method  in  general.  And  in  our  opinion  if  time  enough 
is  given  the  subdural  space  will  be  drained  by  transcallosal  puncture 
as  well  as  by  a  puncture  into  the  fourth  ventricle.  Closely  related  to 
this  objection  is  the  inability  to  differentiate  between  newly  formed 
and  preformed  fluid. 

Nearly  all  our  recent  predecessors  (8),  (11),  (14),  have  depended 
upon  the  recession  of  fluid  into  the  tube  to  differentiate  between  pre- 
formed and  newly  formed  fluid.  They  believe  that  if  there  has  been 
increased  vascularity  of  the  brain  there  will  be  an  acceleration  of  the 
rateof  flow(8,  p.  101); 

Then  with  eubsequeiit  lowering  of  the  coDgeation  on  the  arterial  or  venous 
side,  aa  the  case  may  be,  the  fluid  will  be  observed  to  recede  into  the  cannula  to 
compensate  for  the  decreasing  vascularity.  On  the  other  hand,  if  fluid  is  actually 
being  secreted  no  such  recession  is  observed,  and  though  the  rate  may  be  slowed 
fluid  continues  to  appear  in  spite  of  the  relatively  devascularized  brain. 
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We  must  point  out  that  thia  method  of  difFerentistion  need  not  give 
such  good  results  as  might  at  first  glance  be  expected  of  it.  It  is  well 
known  that  both  brain  and  cord,  because  of  their  large  water  content, 
are  practically  incompressible;  because  of  its  bony  structure  the  skull 
and  neural  canal  are  nearly  undilatable  to  pressure  except  at  the  mem- 
branes coverii^  the  foramina  between  the  vertebrae.  To  the  same 
degree  that  the  brain  is  incompressible  and  the  skull  undilatable  by 
pressure  are  they  lacking  in  elastic  recoil  when  the  pressure  is  removed. 
So  when  the  vascular  pressure  falls  or  becomes  stationary  after  the 
effects  of  the  drug  have  worn  oS,  no  very  efficient  elastic  reboimd  in 
the  intracrani^  structures  can  occur,  and  hence  no  great  negative 
pressure  can  be  developed.  For  thia  reason  the  strong  sucking  back 
of  fluid  against  the  resistance  offered  by  the  catheter  upon  which  Uiey 
depended  to  differentiate  the  mechanical  from  the  secretory  need 
not  occur  at  all.  Further,  the  limitation  of  the  intracranial  pressure 
to  the  normal  or  less  as  a  maximum,  as  is  done  in  the  outflow  method, 
works  against  the  development  of  a  strong  negative  pressure.  Only 
by  exertii^  powerful  pressure  in  compressing  an  object  can  that  object 
respond  by  strong  rebound  when  the  pressure  is  removed.  This  con- 
stitutes a  second  reason  why  strong  sucking  back  need  not  be  a  con- 
stant phenomenon  in  employing  this  method  for  the  study  of  the 
cerebrospinal  fluid.  For  the  same  reason  it  does  not  follow  neces- 
sarily that  in  all  those  cases  in  which  no  recession  in  the  tube  was 
observed,  new  formation  had  occurred. 

A  third  objection  to  the  outflow  method  is  the  inability  to  judge  the 
effect  on  the  fluid  of  vascular  change  and  readjustment.  Alterations 
in  the  arterifd  and  venous  pressures  in  the  skull  exert  more  influence 
upon  the  fluid  in  the  canal  than  a  similar  change  in  pressure  in  the 
blood  vessels  would  upon  fluid  in  any  other  part  of  the  body.  The 
brain  is  incompressible,  the  bony  calvarium  prevents  any  expansion, 
and  thus  any  rise  in  arterial  or  in  venous  pressure  exerts  a  marked 
effect  upon  the  fluid  pressure.  The  fluid  then  moves  outward  through 
the  needle  because  of  low  pressure  outside  and  high  pressure  within. 
Further,'  the  cerebral  arteries  behave  differently  from  other  arteries 
of  the  body  apparently  becoming  widened  instead  of  narrowed  under 
conditions  of  a  genera]  rise  in  blood  pressure  such  as  follow  the  adminis- 
tration of  the  drug  adrenalin.  At  least  the  pressure  in  the  subarach- 
noid space  is  markedly  increased  instead  of  decreased  as  would  be 
expected  if  the  cerebral  vessels  responded  in  a  manner  similar  to  blood 
vessels  elsewhere.     (See  fig,  11).    The  explanation  usually  made,  of 
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course,  is  that  there  are  no  vasomotor  nerves  to  the  vessels  of  the  brain, 
or  if  such  exist,  they  are  so  feeble  in  their  action  that  the  vessels  are 
passively  dilated  under  the  influence  of  high  general  blood  pressure 
in  spite  of  the  constriction  attempted.  The  existence  of  vasomotor 
nerves  to  the  brain  has  never  been  proved  althoi^h  many  physiologists 
have  carried  out  experiments  in  which  their  existence  was  suggested. 
Further,  anatomists  have  described  in  the  walls  of  the  cerebral  vessels, 
structures  which  in  other  parts  of  the  body  are  considered  vasomotor 
nerve  endings.  Under  the  conditions  described,  anything  altering 
the  arterial  or  venous  pressure  or  the  respu^tory  rate  and  depth  will 
alter  the  rate  of  escape  of  the  i9uid.  So  long  as  the  pressure  is  higher 
than  DOimal,  the  fluid  in  the  canal  is  under  greater  pressure,  and  some 
of  it,  which  normally  would  remain  in  the  canal,  is  forced  out  and 
drops  oflf,  a  process  which  does  not  nece8«<erily  cease  when  the  pressure 
begiTia  to  faU,  but  which  may  continue  so  long  as  the  pressure  is  higher 
than  it  was  in  the  beginning  of  the  action.  This  persistence  of  the 
action  is  one  of  the  factors  which  has  led  to  confusion,  but  the  explan^ 
tion  is  easy  if  the  true  condition  in  the  canal  is  recognized.  This 
undoubtedly  explains  some  of  the  flow  of  fluid  persisting  after  arterial 
pressure  has  fallen.  When  the  vascular  normal  is  reestablished,  the 
fluid  which  has  dropped  off  is  no  longer  available,  and  in  some  instances 
air  is  drawn  into  the  cavity.  Tliis  fact  has  been  observed  by  nearly 
all  the  recent  workers  in  the  field.  However,  apparently  they  did  not 
recognise  that  so  far  as  that  animal  is  concerned  further  observations 
are  useless,  for  no  one  knows  how  much  of  the  intracranial  space  is 
taken  up  by  air,  how  much  by  fluid.  Besides,  with  the  outflow  method 
as  described  the  observer  has  no  way  of  studying  the  effect  of  vascular 
readjustment  upon  the  fluid  for  when  the  fluid  has  retreated  out  of 
sight  into  the  tube,  it  does  not  reappear  for  a  long  time  unless  another 
hemodynamic  drug  is  given.  This  mechanical  forcing  out  of  the 
fluid  has  been  recorded  as  "secretion"  and  is  the  cause  of  the  "increased 
formation"  of  fluid  under  the  influence  of  hemodynamic  drugs,  to 
which  class  most  of  the  drugs  and  extracts  described  as  having  a  stimu- 
lating effect  upon  the  formation  of  cerebrospinal  fluid  belong. 

Thus  the  method  is  not  apphcable  to  a  study  of  the  fluid  in  those 
conditions  in  which  a  recession  is  to  be  expected.  It  is  only  as  applica- 
ble to  this  problem  as  a  maximum  manometer  is  to  the  study  of  all 
the  phenomena  of  blood  pressure.  When  this  method  is  used  any 
rise  in  the  arterial  or  venous  pressure — produced  by  the  pressor  nature 
<tf  the  substance  injected — raises  the  blood  pressure  in  the  skull  suffi- 
d^itly  to  force  the  fluid  out  through  the  catheter. 
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Frazier  and  Feet  attempted  to  avoid  thia  error  by  pennitting  the  fluid 
to  flow  into  a  graduated  tube  adjusted  level.  In  addition  to  having  the 
point  of  outflow  the  lowest  point  in  the  system  this  method  practically 
limits  the  observation  to  outflow  only,  for  the  very  obvious  reason 
that  water  never  flows  up  hill,  unless  under  the  influence  of  some 
pressure.  In  an  animal  placed  in  the  position  they  describe  the  regular 
pulsations  to  be  observed  in  the  brain  and  cord  permit  the  fluid  present 
to  flow  down  the  inclined  planes  offered  by  the  cord  and  the  menii^es 
in  one  direction  and  by  the  brain  in  the  other,  and  escape  into  the 
tube.  Thia  process  is  favored  by  a  pressor  effect  upon  the  arterial 
and  venous  blood  preaaures,  and  by  increased  respiratory  movements. 
As  the  effect  of  the  drug  or  of  the  manipulation  which  induced  the 
change  in  blood  pressure  wears  off,  and  readjustment  takes  place 
within  the  akull,  and  the  pressure  having  been  limited  throughout  to 
the  resistance  of  the  needle  as  a  maximum  and  thus  low,  the  inelasticity 
of  the  structures  under  pressure  prevents  the  development  of  enough 
negative  pressure  to  auck  the  contents  of  the  tube  back,  if  there  is 
much  resistance  from  gravity,  as  would  aurely  be  the  case  in  the  experi- 
ments described.  Since  their  recorda  are  in  one-hundredth s  of  a 
cubic  centimeter,  their  tube  must  have  been  of  fine  bore,  so  to  the 
force  of  gravity  which  has  to  be  overcome  muat  be  added  the  resistance 
of  the  tube  and  capillarity.  In  spite  of  the  marked  disadvantage  to 
which  they  subjected  the  fluid  in  their  experimenta,  they  observed 
return  of  the  fluid  in  many  cases.  If  a  strong  negative  pressure  could 
develop  the  increased  formation  might  be  due  to  "edema  ex  vaaio." 

Fourth,  it  is  conceivable  that  in  an  animal  in  which  the  outflow 
method  is  used,  the  resistance  offered  by  the  cerebrospinal  fluid  in 
passing  through  the  needle  outwud  from  the  skull  is  less  than  that 
offered  by  the  blood  in  passing  by  natural  channels  to  the  heart.  When 
this  occurs  the  amount  of  blood  accumulating  in  the  sinuses  would 
increase  at  the  expense  of  the  cerebrospinal  fluid.  The  accumulation 
of  blood  would  then  displace  an  equal  amount  of  fluid,  thus  Betting  up 
a  paeudo-eecretion  without  a  rise  either  in  cerebrospinal  or  in  venous 
pressure. 

Fifth,  one  further  possibility  must  be  considered:  Under  normal 
conditions  found  in  the  skull  the  transfer  of  fluid  from  the  extracerebral 
part  of  the  cerebral  cavity  to  the  cerebellar  cavity  and  the  fourth 
ventricle  is  more  or  less  diSicult,  because  of  the  fact  that  the  way  is 
almost  completely  blocked,  mainly  by  the  cerebral  peduncles  and  the 
tentorium  cerebelli.     This  was  pointed  out  by  Hill  (18,  p.  19),  and  we 
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would  add  that  what  space  remains  must  be  completely  blocked  by 
the  circle  of  Willis  and  the  sinuses  at  the  base  of  the  brain.  Since  this 
is  true,  it  is  easy  to  see  that  a  rise  in  venous  pressure  will  displace  the 
fluid  around  the  medulla  and  cerebellum  readily  with  the  outflow 
already  described,  but  at  the  same  time  will  render  the  passage  of  fluid 
from  the  cerebral  cavity  more  difficult.  However,  Dixon  and  Halli- 
burton have  already  shown  that  depressor  substances  like  amyl  nitrite 
increase  the  outflow  of  fluid.  We  will  show  that  this  is  true,  not  only 
when  venous  pressure  rises,  but  when  it  falls  (fig.  36).  Therefore, 
there  must  be  furnished  an  adequate  explanation  of  the  mechanism 
of  increased  outflow  with  both  arterial  and  venous  pressures  falling. 
We  believe  the  correct  explanation  to  be  as  follows:  With  a  con- 
siderable amount  of  fluid  present  in  the  cerebral  cavity,  a  fall  in  both 
arterial  and  venous  pressure  causes  a  shrinkage  of  the  cranial  contents, 
particularly  of  the  sinuses  around  the  base  of  the  brain.  This  shrinkage 
increases  the  ease  with  which  fluid  passes  this  strait,  and  permits  the 
contents  of  the  extracerebral  part  of  the  cerebral  cavity  at  a  higher 
level  than  the  medulla  to  flow  down  into  the  vicinity  of  the  fourth 
ventricle  and  thus  drain  out  through  the  needle.  This  explains  many 
of  the  occasionally  observed  but  by  no  means  constant  increased  out- 
flows with  reduced  arterial  and  venous  pressures.  If  it  so  happens  that 
the  cerebral  cavity  is  practically  empty,  then  the  shrinkage  of  these 
structures  lets  the  fluid  escape  from  the  fourth  ventricle  into  the  cere- 
bral cavity  instead  of  through  the  needle  with  the  result  that  fluid 
outflow  decreases,  stops  altogether,  or  the  fluid  may  recede  in  the 
needle.  Both  increased  and  decreased  outflow  with  falling  arterial 
and  venous  pressures  have  been  observed.     (See  fig.  36). 

The  position  adopted  for  their  animals  by  Frazier  and  Peet  (7,  p. 
275),  "by  placing  the  subject  on  an  inclined  plane  head  down  so  that 
the  occipito-atlantal  ligament  was  under  the  most  dependent  portion" 
would  give  the  maximum  effect  so  far  as  the  outflow  of  fluid  is  con- 
cerned when  substances  reducing  both  arterial  and  venous  pressures 
are  injected.  Their  responses  to  tissue  extracts  were  much  more 
marked  than  our  own  using  the  outflow  method. 

Sixth,  if  the  outflow  method  of  recording  the  fluid  is  used  it  is  abso- 
lutely necessary  that  respiratory  tracings  be  taken.  Increasing  the 
respiratory  movements  increases  the  oscillation  of  fluid  in  the  canal. 
Thus  any  drug  or  physiological  manipulation  whichproducee  altered 
respiratory  rhythm,  irrespective  of  whether  it  alters  blood  pressure  or 
not  will  have  an  influence  upon  the  rate  of  flow  from  the  needle.     The 
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reason  for  this  increased  outflow  ia  apparent.  When  the  needle  is 
inserted  the  canal  is  drained  until  the  surface  of  the  Suid  in  the  canal  is 
level  with  the  lumen  of  the  trocar.  Then  any  increase  in  the  oscilla- 
tions of  fluid  in  the  canal  such  as  would  be  produced  by  greater  respirap 
tory  efforts  will  increase  the  leakage  through  the  needle,  in  exactly 
the  same  way  that  waves  produced  on  the  surface  of  a  tank  would 
increase  the  leakage  through  a  hole  in  the  side  at  the  level  of  the  surface 
of  the  water.  In  addition  the  rate  at  which  fluid  will  be  released  from 
the  various  cavities  at  higher  levels  or  under  greater  pressure  will 
be  increased  by  the  increased  movements  of  the  nervous  system.  On 
the  other  hand  we  have  seen  cases  in  which  increasing  the  respiratory 
movement  decreased  the  outflow  of  fluid,  an  observation  to  be  ex- 
plained on  physical  grounds  only  by  the  supposition  that  the  fluid  flows 
into  some  lower  lying  cavity,  or  into  one  under  less  pressure.  (See 
fig.  17). 

From  this  discussion  it  is  clear  that  the  outflow  method  for  the  study 
of  the  rate  of  formation  of  the  cerebrospinal  fluid  is  unsatisfactory. 

To  summarize  the  objections  to  the  outflow  method:  The  reduction 
of  pressure  within  the  dural  canal,  the  inabiUty  completely  to  empty 
the  canal,  the  limitation  of  the  pressure  to  the  resistance  of  the  needle 
as  a  maximum,  the  inability  of  studying  the  behavior  of  the  fluid 
during  vascular  readjustment  by  furnishing  fluid  to  the  can^  while 
the  adjustment  is  occurring,  the  inability  to  control  chaises  due  to 
alterations  in  respiratory  rate  and  strength,  aU  these  make  this  method 
unsuitable  for  the  problem.  Dixon  and  Halliburton  (11)  used  it  in 
their  early  work,  but  discarded  it  later.  We  had  already  discarded 
if  before  the  appearance  of  their  papers.  Using  this  method  we  secured 
graphs  identical  with  theirs,  but  since  so  many  factors  were  left  uncon- 
trolled, we  discarded  the  experiments  as  worthless.  Many  recent 
writers  have  used  this  method  without  any  recognition  of  its  limita- 
tions. We  believe  that  to  prove  normal  new  formation  by  the  out- 
flow method,  it  must  first  be  granted  that  complete  emptying  of  the 
canal  is  possible,  and  that  the  reduction  of  the  pressure  does  not  alter 
the  processes  of  formation  either  as  regards  rate  or  mechanism.  In 
addition  to  granting  these  two  points — which  no  careful  worker  can 
grant — it  must  be  shown  that  the  increase  is  independent  of  vasculEir 
changes  within  the  skull  or  respiratory  changes.  An  attempt  to 
"standardise"  the  animal  by  estimating  by  experiment  the  influence 
of  arterial,  venous  and  respiratory  changes  leads  into  dangerous  terri- 
tory, because  of  the  wide  variations  in  different  animals  and  in  the 
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same  animal  from  time  to  time,  partly  because  of  diSereoces  in  the 
amount  of  fluid  in  the  canal,  partly  because  of  the  differences  in  reaction 
after  the  prolonged  action  of  an  anesthetic.  This  will  be  shown  clearly 
in  the  experiments,  later.  We  believe  that  most  of  what  is  observed 
in  the  experiments  where  the  outflow  method  is  used  is  the  escape  of 
preformed  fluid.  In  some  of  the  experiments  it  is  squeezed  out  at  an 
increased  rate  by  a  rise  in  the  arterial  or  the  venouB  pressure  or  both, 
and  by  an  alteration  in  the  respiratory  rate.  To  this  fluid  is  added, 
perhaps,  some  newly  formed  fluid  arising  under  conditions  of  redut^ 
pressure  which  exist  in  the  canal  because  of  the  abnormal  differences 
in  pressure  between  the  blood  in  the  vessels  and  the  fluid.  This  newly 
formed  fluid  must  of  necessity  be  of  uncertain  amount,  the  method 
gives  no  way  of  determining  it  or  of  distinKuishing  it  from  the  rest  of 
the  fluid,  and  further  it  may  be  formed  by  a  mechanism  entirely 
abnormal,  so  that  even  if  it  were  measured  accurately,  it  would  give 
no  clue  regarding  the  normal  rate  or  the  normal  mechanism  of  the 
formation  of  the  cerebrosphinal  fluid. 

S.  Permaneni  fistidae.  Permanent  fistulae  were  introduced  first  by 
Cavazanni  (15)  for  the  observation  of  the  formation  of  the  fluid  under 
the  condition  of  constant  loss,  and  may  be  valuable  for  the  study  of 
the  variations  in  the  chemistry  of  the  fluid  if  the  infected  animals 
are  rejected.  This  method  can  give  no  data  regarding  the  mechanism 
and  rate  of  formation  of  the  fluid  over  periods  of  long  duration.  The 
objections  mentioned  against  the  temporary  fistula  are  valid  here, 
and  in  addition  the  voluntary  movements  of  the  animal  without  an 
anesthetic  would  make  the  observation  of  shght  variations  of  the 
formation  of  no  significance  whatever. 

Manometric  mvOioda 

The  manometric  method  was  introduced  by  Leyden  (16)  with 
excellent  results.  Both  increased  and  decreased  pressures  are  recorded, 
and  any  increased  pressure  of  the  fluid  persisting  for  an  appreciable 
time  and  independent  of  changes  in  the  arterial  and  venous  pressures 
in  the  skull,  is  interpreted  as  indirect  evidence  of  new  formation  of 
the  fluid.  Dixon  and  Halliburton  (12)  used  this  method  in  their 
later  work.  The  advantages  to  be  pointed  out  are  the  following: 
This  method  avoids  the  error  of  incomplete  emptying  of  the  canal  for 
the  fluid  is  all  retained  within.  It  avoids  the  error  due  to  the  reduction 
of  the  pressure  from  partial  drainage  of  the  fluid  from  the  canal.     It 
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sets  no  tnaximvim  pressure  within  the  canal,  the  pressure  increases  or 
decreases  as  in  the  intact  aoimal.  Only  enough  fluid  need  be  ranoved 
to  fill  the  manometer  tube  to  the  required  height.  For  this  reason  it 
avoids  the  error  due  to  new  formation  from  abnormal  differences 
between  intravascular  and  intracranial  pressures,  when  the  pressure 
in  the  arteries  and  veins  becomes  too  much  higher  than  the  fluid  pres- 
sure. Thus  the  pressure  of  the  cerebroapinal  Suid  varies  within  the 
normal  limits  of  the  intact  animal  and  does  not  remain  constant  through- 
out the  experiment  as  in  the  cases  studied  by  the  outflow  method.  If 
the  process  studied  involves  a  fall  in  the  pressure  in  the  blood  vesseb, 
shown  ordinarily  by  the  recession  of  fluid  in  the  tube,  the  manometer 
records  this  change  as  well  as  a  rise  in  pressure,  thus  it  is  adapted  to 
study  both  the  pressor  and  the  depressor  phase. 

However,  when  using  the  manometer  method  for  studying  the 
behavior  of  the  fluid,  certain  precautions  must  be  observed:  A  failure 
to  do  this  has  led  to  some  surprising  errors  on  the  part  of  some  observes. 
The  needle  connecting  the  canal  with  the  manometer  must  be  wide, 
otherwise  there  will  be  considerable  delay  in  the  rise  of  pressure  in  the 
cerebrospinal  fluid  manometer  in  response  to  changes  in  the  v^ous 
and  arterial  pressures.  This  shows  itself  on  the  tracing  by  a  rise  in 
cerebrospinal  fluid  pressure  which  continues  to  become  greater  after 
the  venous  and  arterial  pressures  b^in  to  fall.  When  such  a  phenome- 
non occurs,  naturally  it  need  not  be  interpreted  as  meaning  that  the  rise 
is  not  due  to  alteration  in  the  arterial  or  venous  pressure,  because  it  is 
not  synchronous  with  it,  for  it  ia  due  to  those  alterations:  The  signifi- 
cance which  must  be  read  into  it  is  that  there  was  an  obstruction  some- 
where and  the  mftvimiim  ultimately  recorded  by  the  cerebrospinal 
fluid  manometer  is  not  the  true  maximimi,  but  a  pressure  somewhat 
lower;  lower  by  the  amount  of  arterial  or  venous  fall  which  occurred 
between  the  arterial  and  venous  maximimi  and  the  cerebrospinal  fluid 
mftTJmiim  This  is  of  importance  only  in  those  cases  wh««  the  pressure 
changes  are  very  rapid  in  both  directions  as,  for  example,  after  adrenalin. 
Not  all  the  trouble  lies  in  the  needle,  a  part  may  lie  in  the  aqueduct 
of  Sylvius  and  in  other  straits  in  the  canal.  Of  course  these  latter 
errors  cannot  be  avoided,  and  hence  too  much  significance  should  not 
be  placed  upon  the  observation  that  changes  in  the  fluid  pressure  are 
not  absolutely  synchronous  with,  or  in  the  same  direction  as  changes 
in  art^ial  and  venous  pressures.  We  have  observed  arterial  and 
venous  pressures  falling  with  the  fluid  pressure  still  rising,  but  such  a 
rise  was  the  result  of  the  increased  venous  pressure,  and  stops  short  of 
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the  height  which  would  have  been  reached  bad  the  venous  pressure 
become  stationary  when  the  high  point  was  reached. 

Great  care  must  be  exercised  in  the  selection  of  the  manometer  tube 
in  the  case  of  the  cerebrospinal  fluid.  If  the  bore  is  too  small  it  offers 
too  much  resistance  to  the  movements  of  the  fluid  and  the  influence  of 
capillarity  upon  the  level  sought  by  the  fluid  is  too  great.  If  the  bore 
is  too  large,  the  volume  drained  from  the  canal  is  too  great,  and  the 
manometer  shows  a  pressure  which  is  not  the  pressure  of  the  fluid  in 
the  intact  animal,  but  the  pressure  of  the  fluid  in  the  intact  animal 
minus  the  amount  of  fluid  withdrawn  in  filling  the  manometer  tube. 
On  the  other  hand  if  the  manipulation  involve  a  fall  in  pressure,  and 
the  bore  of  the  manometer  is  large,  the  pressure  recorded  will  not  be 
the  pressure'  of  a  normal  animal  under  similar  conditions,  but  will  be 
the  pressure  of  the  normal  animal  with  the  canal  overfilled  by  the 
volume  of  fluid  equal  to  that  which  flowed  in  from  the  manometer. 
The  importance  of  this  point  will  be  brought  out  and  substantiated 
more  fully.  The  use  of  a  tambour  to  record  manometric  pressure  is 
unsatisfactory.  Most  tambours  leak,  slowly  it  is  true  if  proper  pre- 
cautions are  observed,  but  rapidly  enough,  where  delicate  rubber  is 
used,  as  in  this  case,  to  make  standardization  of  little  value.  Hkis  is 
especially  true  if  the  pressure  changes  are  of  long  duration  either  iu 
positive  or  negative  direction.  The  lever  of  the  tambour  traces  the 
arc  of  a  circle,  not  a  vertical  line,  and  hence  the  true  time  relations  are 
in  doubt.  This  is  especially  true  if  one  tambour  is  set  to  write  in  one 
direction,  the  other  iu  the  other.  Marked  examples  of  this  type  of 
result  are  seen  in  graphs  published  in  some  of  the  latest  work  (12). 

We  finally  come  to  the  most  fundamental  objection  to  the  use  of  the 
manometer  to  record  variations  in  the  cerebrospinal  fluid  pressure. 
These  are  two  in  number:  the  pressure  conditions  are  such  as  to  facili- 
tate the  absorption  of  the  cerebrospinal  fluid  along  the  natural  channels, 
hence  the  fall  in  the  pressure  of  the  cerebrospinal  fluid  observed  in  many 
cases  may  be  due  in  part  to  vascular  readjustment,  in  part  to  absorp- 
tion of  fluid  along  the  natural  channels,  or  either  may  be  active  inde- 
pendently of  the  other.  In  either  case  it  is  impossible  to  estimate 
the  part  played  by  each  factor,  if  absorption  actually  enters  into  the 
problem,  as  must  be  the  case  if  formation  and  absorption  are  as  rapid 
as  the  clinical  evidence  given  indicates.  There  is  however  good  evi- 
dence that  the  r6Ie  played  by  absorption  in  this  readjustment  is  a 
minor  one,  for  as  will  be  shown  later  ligation  of  the  jugular  veins — 
along  which  it  is  agreed  that  most  absorption  tak^  place — does  not 
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alter  esBentially  the  bdiavior  of  an  animal  in  response  to  the  injection 
of  Buch  drugH  as  pilocarpine.  Further,  the  fall  in  the  cerebrospinal 
pressure  is  synchronous  with  the  fall  in  venous  pressure  and  arterial 
pressure.  The  second  plausible  objection  to  the  manometer  method 
is  the  poBsibiUty  that  the  cerebrospinal  fluid  is  secreted  under  low 
pressure  only,  and  hence  might  cease  to  be  secreted  at  a  pressure  so 
low  that  it  is  impossible  to  indicate  it  by  means  of  the  manometer. 
This  objection  is  not  valid;  it  is  evident  from  certain  clinical  cases  that 
cerebrospinal  fluid  is  secreted,  or  at  least  exists  at  high  pressures; 
beside  the  manometer  merely  records  the  pressure  and  its  physiological 
variations,  and  produces  no  new  pressure  of  itself.  Hence  it  cannot 
be  blamed  for  raising  the  pressure  above  the  limit  at  which  fluid  can 
be  formed. 

n.    EXPEBIUENTAL  METHODS    EMPLOTBD    IN    THE   BTCDT   OF  THE   FLUID 

It  is  our  intention  to  describe  in  detail  the  methods  used  in  our 
study  of  the  cerebrospinal  fluid. 

Aneathegia:  The  effects  of  the  alterations  in  the  anesthesia  are  such 
as  to  make  a  constant  degree  necessary.  We  found  constant  slow 
intratracheal  insufBation  admirably  adapted  to  this  purpose.  A  con- 
stant degree  of  anesthesia  is  still  more  easily  obtained  if  a  doae  of 
morphine  is  given  preliminary  to  the  anesthetic,  but  we  avoided  the  use 
of  the  latter  drug  because  of  the  tendency  of  an  animal  under  its  in- 
fluence to  show  wide  variations  in  the  respiratory  rhythm,  with  periods 
of  apnea  and  dyspnea  alternating,  variations  reflected  upon  the  fluid 
by  the  production  of  undesirably  wide  fluctuations  with  each  respira- 
tion, and  alterations  in  the  general  blood  pressure  levels,  with  the 
periodic  respiration.  In  our  later  work  ether  alone  was  given  by 
inhalation,  and  proved  perfectly  satisfactory,  when  we  employed  a 
si>ecial  valve  prepared  to  give  a  uniform  mixture  of  air  and  ether. 

Arterial  pressure:  The  arterial  pressure  was  recorded  by  the  mer- 
cury manometer  from  the  left  carotid  or  the  femoral,  in  nearly  all 
cases  from  the  former.  In  some  animals  the  pressure  was  taken  in 
the  circle  of  Willis  according  to  the  method  of  Hlirthle  (19).  This 
pressure  is  not  necessary  in  all  cases  because  it  usually  follows  faith- 
fully the  arterial  pressure  in  the  carotid,  except  where  the  cerebral 
arteries  are  ligated  or  in  the  cases  of  some  of  the  drugs.  The  former 
requires  no  discussion,  the  latter  will  be  taken  up  in  detaU  later.  For 
anything  like  accurate  results  in  the  circle  of  Willis,  laige  dogs  witii 
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a  wide  internal  carotid  are  neceesary,  and  even  in  these  the  results 
are  not  always  satisfactory.  However,  the  method  showB  the  changes 
in  a  general,  even  if  not  in  an  absolutely  accurate  way. 

Venous  pressure:  It  became  evident  early  in  this  work  that  in  these 
experiments  the  measurement  of  the  arterial  pressure  alone  is  not 
enough  to  control  alterations  in  the  pressure  of  the  cerebrospinal  fluid 
due  to  mechanical  factors.  For  this  reason,  especially  for  lack  of  the 
venous  pressure  in  the  head,  some  of  the  recent  work  is  of  little  value 
in  detenmniiig  the  mechanism  of  fluid  formation.  (Frazier  and  Peet 
(7),  (14),  and  Weed  and  Gushing  (8),  (9)).  Some  of  the  conclusions 
are  correct  but  that  is  true  simply  because  venous  pressures  in  the 
cases  under  observation  follow  the  arterial  pressures  directly,  and 
their  experiments  did  not  prove  the  facts  in  the  case.  The  venous 
pressure  must  be  taken  from  the  head,  for  the  pressure  in  the  heart  or 
in  the  superior  vena  cava  has  little  or  no  relation  to  the  pressure  in 
the  skull.     (See  table  1  and  flg.  1). 

In  our  experiments  if  we  failed  to  estabUsh  venous  pressure  the 
animal  was  discarded  as  useless.  We  use  a  venous  pressure  method 
copied  in  part  from  Burton  Opitz  (17),  in  part  from  Hill  (IS),  and 
modified  to  suit  our  own  needs:  a  brass  tube  1  cm,  long  and  4  mm.  in 
diameter  provided  with  a  reservoir  of  about  40  cc.  capacity,  filled  with 
a  solution  of  sodium  carbonate  with  a  specific  gravity  of  1 .088  is  screwed 
into  a  drm  hole  made  into  the  torcular  herophili  through  the  external 
occipital  protuberance.  The  tube  and  reservoir  are  connected  with 
a  manometer  filled  with  the  same  carbonate  solution.  Before  openii^ 
the  clamp  and  permitting  the  fluid  in  the  bulb  to  conmiuuicate  with 
that  in  the  manometer,  the  pressure  is  raised  in  the  latter  to  a  point 
a  few  centimeters  higher  than  that  usually  found  in  the  sinus,  so  as 
to  force  a  small  amount  of  the  solution  into  the  sinus,  and  thus  avoid 
the  clotting  in  the  system  from  the  accumulation  of  blood  in  the  short 
tube  between  the  sinus  and  the  reservoir.  If  this  precaution  is  observed 
venous  pressure  can  be  studied  for  hours  without  enough  clotting  in 
the  apparatus  to  make  the  error  appreciable.  A  post  mortem  must 
be  made  in  every  case  to  rule  out  clotting,  for  with  carbonate  solu- 
tions the  whole  sinus  system  may  be  filled  with  a  fine  membranous  clot 
which  markedly  interferes  with  the  venous  outflow,  and  it  is  conamon 
to  find  in  many  experiments  venous  and  fluid  pressures  rising  slowly 
but  steadily  throughout  the  period  of  observation.  The  mechanism 
recording  on  the  drum  includes  a  three  or  four  unit  signal  magnet. 
An  ol^erver  watches  the  level  of  the  sodium  carbonate  in  the  manometer 


lizcdbyGoOi^Ie 


22  FRANK  C.   BECHT 

and  records  the  variationB  in  pressure  by  closing  the  key  in  one  magnet 
circuit,  once  if  the  level  rises  past  a  centimeter  mark  on  the  scale, 
twice  if  it  falls  below  the  mark.    In  our  earlier  experiments  the  manom- 

TABLEl 
7*^18  Mtle  showt  the  relation  betvxen  arterial  pressure,  venow  prtssure  in  the  torcula, 
and  venous  pressure  in  the  slump  of  tkt  axillary  vein,  tohere  the  latter  joins  the 
jwgulare 
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7 
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14 

80 
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74 

3 
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2 

12 

27 

12 

B  —  Before  the  action;  D  —  During  the  action;  A  =  After  the  action  of  the 
drug.    Where  two  figures  are  given,  theee  figures  represent  the  i\ 


eter  was  connected  with  a  tambour  covered  with  the  thinnest  rub- 
ber obtainable,  in  addition  to  the  record  described.  In  most  of  our 
later  experiments  the  tambour  was  discarded  because  errors  from  leak- 
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age  made  the  record  untrustworthy,  time  relations  were  altered,  and  in 
addition  we  found  it  advantageous  to  use  a  small  manometer  tube,  the 
variations  of  which  were  too  small  to  give  a  suitable  tracing.  In  no 
case  did  we  depend  upon  the  tambour  to  determine  the  actual  varia- 
tions in  pressure,  since  this  can  be  road  directlyfromthe  magnet  record. 
In  addition  from  time  to  time — €.g.,  when  we  knew  by  experience  that 
the  maximum  or  minim ijm  point  had  been  reached,  or  at  regular  inter- 
vals— simultaneous  venous  and  fluid  pressure  readings  were  made,  and 
recorded  directly  on  the  tracings  after  the  paper  was  removed  from  the 
drum.  General  venous  pressure  was  recorded  in  some  cases  from  the 
axillary  vein,  where  it  joins  the  ji^ulars.  We  avoided  the  right  auricle 
because  of  difficulties  from  clotting,  but  mainly  because  we  did  not  want 
to  interfere  with  venous  outflow  from  the  brain  by  cutting  off  one  of 
the  jugulars,  or  by  occluding  «ven  in  part  the  superior  vena  cava. 

Cerebrospinal  flind  pressure:  In  our  determinations  of  the  behavior  of 
the  cer^rospinal  fluid  under  various  experimental  conditions  we  em- 
ployed two  methods :  The  first  was  a  simple  one  we  devised,  only  to  find 
later  that  it  was  essentially  the  method  used  by  Spina  (10) .  The  animal 
is  placed  on  its  side  on  a  level  table.  The  trocar  is  inserted  into  the  cis- 
tema  magna,  atad  after  the  obturator  is  removed  the  trocar  is  connected 
at  once  by  means  of  a  T-tube  to  a  heavy  piece  of  glass  tubing  1  m.  long 
with  a  uniform  internal  bore  of  I  mm.  This  glass  tube  is  fastened  on  a 
meter  stick  with  centimeter  markings,  which  furnishes  the  scale.  The 
tube  is  then  adjusted  on  stands  so  that  the  lower  end  attached  to  the 
needle  is  at  exactly  the  level  of  the  point  of  puncture  of  the  occipito- 
atlantal  ligament ;  the  upper  free  end  is  adjusted  to  the  level  of  the  upper 
border  of  the  cerebral  hemispheres.  Thus  there  is  provided  a  water 
gauge  showing  pressure  variations  of  the  liquid  in  the  dural  canal. 
The  Quid  escaping  while  the  connection  ia  being  made  is  collected  and 
replaced  into  the  system  through  the  T-tube.  This  step  is  important 
for  during  the  early  part  of  our  work  this  point  was  not  appreciated 
and  in  many  cases  the  early  tracings  were  marked  "animal  refractory 
to  drugs."  Later  it  was  found  that  a  refractory  animal  became  a  sus- 
ceptible one  if  the  canal  was  filled  with  fiuid  (see  table  15).  As  in  the 
case  of  venouB  pressure,  an  observer  watchee  the  colunm  of  fluid  oscil- 
lating in  the  tube  and  records  the  variations  in  the  same  way  by  clos- 
ing a  key  in  the  proper  magnet  circuit.  While  this  method  requires 
the  constant  attention  of  one  person,  it  is  accurate  because  any  block- 
ii^  of  the  passage  to  the  canal  is  noted  at  once  by  the  disappearance  of 
the  oscillations.    This  method  does  not  reduce  the  pressure  by  drain- 
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ing  away  fluid,  complete  drainage  of  the  preformed  fluid  is  not  required 
nor  attempted.  There  is  no  resistance  to  backfiow  of  fluid  produced 
by  an  artificial  resistance  as  in  the  Weed-Cushing  method.  No  maxi- 
mal limit  is  imposed  during  the  experiment;  instead  the  preseures  are 
mfuntained  absolutely  normal,  the  fluid  is  free  to  flow  outward  or  in- 
ward depending  upon  whether  the  pressure  within  Uie  skull  is  increas- 
ing or  decreasing. 

The  only  real  objections  to  be  advanced  are  the  ones  already  pointed 
out  against  the  manometer  method :  The  fluid  is  under  normal  pres- 
sure, thus  there  may  be  absorption  along  natural  channels ;  the  pressures 
may  be  such  as  to  inhibit  the  normal  mechanism.  However,  it  will  be 
shown  later  that  neither  of  the  objections  is  valid. 

While  it  would  seem  reasonable  that  the  method  described  for  re- 
cording variations  in  the  cerebrospinal  fluid  would  be  adapted  to  the 
purpose  of  this  research,  it  was  necessary  to  determine  the  accuracy. 
To  do  this,  experiments  in  which  simple  mechanical  factors  are  known 
to  be  the  only  ones  involved  were  undertaken.  The  most  direct  test 
imaginable  is  the  direct  injection  of  fluid  into  the  dural  canal.  With 
the  tube  in  place  and  connected  in  the  manner  described,  numerous 
ez^aeriments  were  carried  out.  There  were  considerable  variations  be- 
tween different  animals  but  results  in  the  same  animal  were  imiform. 
Thus  in  one  experiment  the  introduction  of  4  cc.  of  warm  0.9  per  cent 
sodium  chloride  solution  changed  the  position  of  the  fluid  from  20  to 
80.  The  withdrawal  of  4  cc.  brought  the  level  of  fluid  again  to  20. 
R^Ktition  of  this  experiment  numerous  times  showed  that  the  error 
was  less  than  1  cm.  on  the  scale,  or  in  volume  less  than  0.031  cc.  Of  the 
4  cc.  increase  in  fluid  1.S6  cc.  appeared  in  the  tube.  In  this  case  the 
needle  through  which  the  fluid  was  injected  was  1  cm.  from  the  trocar 
connected  with  the  gauge.  Injectionof  fluid  in  other  parts  of  the  canal 
produced  less  accurate  results  unless  the  injection  was  made  into  the  third 
ventricle  through  the  corpus  callosum.  In  the  latter  case  the  results 
were  almost  as  accurate  as  in  the  case  of  injection  into  the  dstema 
magna.    Tests  made  with  the  manometer  were  equally  satisfactory. 

The  second  method  employed  was  the  manometer  method  already 
discussed.  Our  manometer  bad  a  bore  of  1  mm.,  thus  the  question  of 
draining  the  cavity  if  the  fluid  pressure  is  rising,  or  of  overfllling  it  if 
the  pressure  is  falling  cannot  enter  to  any  degree.  We  at  first  used  it 
as  a  cheek  on  the  tube  method  described,  but  later  we  used  it  in  most 
of  the  experiments  because  of  the  advantage  that  this  method  enables 
us  to  draw  direct  comparisons  between  fluid  and  venous  pressures. 
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The  medium  used  in  the  manometer  was  a  sodium  chloride  sohition 
with  a  specific  gravity  of  1.08S  so  as  to  make  it  directly  comparable  to 
the  venous  pressure.  Sodium  carbonate  solution  could  not  be  used 
because  of  its  toxicity  if  introduced  intrardurally.  VariatioDB  in  the 
fluid  pressure  in  this  method  were  recorded  in  the  same  way  as  de- 
scribed for  venous  pressure. 

Before  entering  upon  the  details  of  the  experimental  work,  we  wish 
once  more  to  emphasize  the  importance  of  recording  arterial,  venous 
and  cerebrospinal  fluid  pressurese  continuously  and  simultaneously  in 
every  experiment.  In  some  experiments  the  presstu^  in  the  circle  of 
Willis  is  also  essential.  The  continuous  and  simultaneous  record  is 
of  the  greatest  importance,  because  of  the  unique  conditions  existing 
witMn  the  skull  where  is  found  the  brain,  incompressible  to  ordinary 
pressure,  surrounded  by  the  undilatable  skull,  and  separated  fmn  it  by 
the  membranes,  blood  vessels  and  the  cerebrospinal  fluid.  Any  change 
of  either  venous  or  arterial  pressure  must  be  followed  either  by  varia- 
tions in  pressure  in  or  by  variations  in  the  amount  of  the  cerebrospinal 
fltiid.  Hence  in  order  to  control  properly  the  mechanical  factors,  both 
arterial  and  venous  pressures  must  be  measured,  and  the  venous  pres- 
sure because  of  its  variability  and  because  of  its  great  direct  influence 
upon  the  pressure  is  relatively,  so  far  as  the  cerebrospinal  fluid  pressure 
is  concerned,  much  more  important  than  the  arterial.  The  cerebro- 
spinal fluid  pressure  is  the  sum  of  the  influence  of  the  arterial  and  venous 
pressures,  as  we  will  be  able  to  prove  later  in  the  paper,  so  if  both 
pressures  rise  the  fluid  will  flow  out  in  the  tube,  or  will  rise  in  the  manom- 
eter; if  both  fall  the  fluid  recedes  in  the  tube  or  falls  in  the  manom- 
eter. If  one  rises  and  the  other  falls — a  situation  which  does  occur 
under  experinental  conditions,  actual  measurement,  not  theory,  will 
determine  whether  the  cerebrospinal  fluid  pressure  will  rise  or  fall. 
From  this  statement  of  the  situation  the  importance  of  these  measure- 
ments becomes  clear.  We  would  not  have  had  to  dwell  upon  this 
point  if  the  recent  workers  had  read  more  carefully  the  excellent  mono- 
graph by  Hill  on  "The  cerebral  circulation."  Because  of  additional 
data  we  ascribed  more  importance  than  Hill  does  to  the  direct  influence 
of  arterial  pressure  upon  the  cerebrospinal  fluid  pressure. 
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III.  THE  UECHANICAL  FACTORS  INFLTJENCINQ  THE  CERSBKOSPINAIi  FLUID 
Introduction 

A  careful  experimental  study  of  the  mechamcal  factors  is  imperative 
to  establish  the  necessary  controls  for  the  work  on  the  dn^  and  the 
tissue  extracts,  as  well  as  to  obtain  a  d^nite,  concrete  idea  of  the  factors 
of  error  in  (he  method  employed.  Provided  by  simple  experiments  with 
the  controls  and  the  factor  of  error  for  which  we  must  allow,  we  will 
then  be  in  a  position  to  interpret  the  mechanism  of  action  in  the  more 
complicated  experiments.  If  a  drug  or  a  tissue  extract  gives  a  result 
which  can  be  explained  rationally  on  a  mechanical  basis,  we  are  not 
justified  in  assuming  that  any  other  factor  is  at  work.  Only  after  the 
effect  of  a  drug  on  the  fluid  cannot  be  explained  on  a  mechanical  basis, 
and  not  until  then,  is  there  any  reason  for  ascribing  to  the  substance  a 
stimulating  or  depressing  effect  upon  the  mechanism  generating  the 
fluid. 

In  this  section  we  intend  to  study  the  conditions  of  pressure  that  are 
found  to  exist  in  the  normal  animal,  the  various  changes  undergone  by 
these  pressure  during  long  experiments  imder  ether,  sad  the  mechanir 
cal  forces  which  may  influence  the  behavior  of  the  cerebrospinal  fluid. 
Of  the  latter  the  following  are  the  more  important:  cerebral  venous 
pressure,  arterial  pressure,  respiration,  the  volume  and  pressure  of  the 
fluid  in  the  skull,  and  the  action  of  the  vagus.  Some  of  these  clearly  will 
have  a  direct,  others  only  an  indirect  effect  upon  the  fluid  and  its  move- 
ments. No  experiments  by  pressure  methods  upon  the  action  of  drugs 
and  of  tissue  extracts  in  augmenting  or  inhibiting  the  formation  of  the 
cerebrospinal  fluid  can  rest  upon  a  satisfactory  basis  unless  the  natural 
relations  of  arterial,  venous  and  fluid  pressure  are  accurately  known. 
It  is  also  necessary  to  know  what  effect  increasing  or  decreasing  each  of 
these  pressures  one  or  more  at  a  time  has  on  the  others.  Unless  these 
facts  are  known  it  will  be  impossible  to  differentiate  cause  from  effect. 
But  when  these  facts  are  known,  then  it  will  be  possible  at  least  in  part, 
in  other  and  more  complicated  experiments  to  determine  to  what  degree 
the  purely  mechanical  changes  of  the  arterial  and  venous  pressure  will 
account  for  the  changes  in  the  fluid  pressure.  In  a  case  where  the  ar- 
terial pressure  remains  constant  and  both  venous  and  fluid  pressures 
rise,  it  is  not  possible  without  experiment  to  tell  whether  the  pressure 
in  the  former  rises  because  of  the  rise  in  the  latter  or  vice  versa,  or  whether 
they  rise  simultaneously  but  independently.  If,  however,  experiment 
shows  that  rai^ng  the  venous  pressure  raises  the  fluid  pressure,  but' 
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raising  the  fluid  pressure  moderately  does  not  raise  the  venous  pressure, 
then  we  are  justified  in  concludii^  that  venous  pressure  influences  the 
fluid  pressure,  but  the  fluid  pressure  does  not  influence  the  venous 
pressure. 

At  the  beginning  of  the  work  it  was  hoped  that  in  any  one  dog  a 
certain  change  in  the  pressure  m  the  arterial  or  the  venous  blood  would 
always  produce  some  certain  change  in  the  fluid  pressure.  Then,  if 
the  fluid  pressure  rose  or  fell  more  than  was  to  be  expected  from  the 
chai^  in  the  vascular  condition,  it  would  be  safe  to  assume  increased 
formation  or  increased  absorption.  Unfortunately,  these  hopes  were 
not  realized.  The  amount  of  the  influence  varies  widely  in  the  same 
animal  from  time  to  time  as  will  be  shown  conclusively  later  in  the 
paper.  For  this  reason  the  attempts  to  "standardize"  a  dog  were 
abandoned  after  a  few  trials.  Attempts  to  do  this  in  the  past  have  led 
to  erroneous  conclusions.  If  the  reader  will  keep  this  in  mind  he  will 
not  be  surprised  in  the  apparent  discrepancies  in  some  of  the  experi- 
ments to  be  listed  in  our  tables  later. 

1.  Tke  normal  levels  c^  venous,  arterial  and  cerebrospinal  fiuid  pressures 

Having  accepted  the  view  that  the  best  method  of  determining  vari- 
ations in  the  amount  of  fluid  is  the  indirect  one,  by  studying  the  pres- 
sure of  the  fluid  in  the  canal,  it  is  clear  that  a  large  number  of  measure- 
ments of  normal  pressures  must  be  undertaken  in  order  to  obtain  some 
idea  of  the  limits  of  variation.  This  was  done,  and  with  the  fluid  pres- 
sure were  made  simultaneous  measurements  of  arterial  and  venous 
pressures. 

Literature:  That  the  fluid  is  under  positive  pressure  is  a  fact  long  well 
known.  Leyden  (16),  probably  the  first  to  make  measurements  at  all 
accurately,  reports  70,  480,  18,  15  and  90  nmi.  of  water  in  the  5  dogs 
measured.  When  measured  with  the  mercury  manometer  the  pressure 
was  always  higher,  comparatively,  a  difference  which  he  ascribes  cor- 
rectly to  the  loss  of  fluid  into  the  manometer  tube.  Falkenheim  and 
Naunyn  (IS)  report  the  fluid  pressure  as  exceedii^ly  variable:  the  pres- 
sure usually  varied  between  30  and  38  mm.  of  water,  but  they  found 
one  dog  with  140  mm.  of  water  pressure,  another  with  75  mm.  and  an- 
other with  15  nan.  They  beheve  the  pressure  to  be  independent  both 
of  the  size  of  the  animal  and  the  arterial  pressure.  Hill  (18,  p.  73) 
Bays:  "  In  normal  conditions  the  pressures  generally  are  100  to  130  mm. 
of  water."  Dixon  and  Halliburton  cite  figures  about  as  follows:  190mm. 
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10  per  cent  magnesium  sulphate,  45  nun.  normal  saline;  others  with  150, 
150,  150,  180,  80  and  60  mm.  were  observed.  The  exact  amount  of 
this  preraure,  therefore,  and  its  relationship  to  the  venous  and  arterial 
pressures  is  still  a  matter  of  some  doubt,  because  there  are  wide  varia- 
tions in  the  figures  given  by  the  various  workers,  and  in  different  experi- 
ments by  the  same  worker.  As  can  be  seen  from  our  work,  the  reason 
for  such  variations  is  the  fact  that  the  pressures  normally  vary  within 
wide  limits  in  different  animals.  The  best  that  can  be  done  is  to  give 
the  readings  from  a  large  number  of  animalB  and  the  ayeiage  from  these 
experiments.  See  table  2,  where  we  record  the  first  measuremente  of 
arterial,  venous,  and  fluid  pressure  in  thirty-nine  animals  measured 
according  to  the  method  described  above.  As  can  be  seen  from  the 
table  the  averc^e  arterial  pressure  was  128.79  mm.  of  mercury,  the  aver- 
age venous  pressure  was  124.97  mm.  of  sodium  carbonate  (1.0S8),  and 
the  average  cerebrospinal  fluid  pressure  was  112.25  mm.  of  sodium 
chloride  (1.088).  The  highest  pressure  observed  in  the  fluid  was  242  in 
12,  and  the  lowest  was  43  in  219;  the  highest  venous  pressure  was  425 
in  155,  the  lowest  was  44  in  219.  It  is  obvious  that  the  venous  and 
cerebrospinal  fluid  pressures  vary  within  wide  limits,  in  different  animals, 
even  if  the  same  methods  are  used  in  making  tiie  measurements.  This 
accounts  for  the  wide  difference  in  the  figures  cited  in  the  past,  and 
shows  that  the  pressure  limits  are  by  no  means  fixed.  Twenty-ax  of  the 
thirty-four  dogs  measured  were  below  the  average  given. 

We  are  fully  aware  of  the  fact  that  the  figures  in  our  table  differ  in 
one  essential  detail  from  those  given  in  the  past  for  in  nineteen  of  our 
thirty-nine  dogs  the  fluid  pressure  is  higher  than  venous  pressure.  Hill 
says:  "The  intracranial  (c.s.f.)  pressure  has  been  found  in  lUl  physio- 
logical conditions  to  be  the  same  as  the  venous  pressure,"  and  adds: 
"By  no  physiological  means  can  intracranial  pressure  be  maintained 
higher  than  cerebral  venous  pressure"  (p.  68).  The  data  afforded  by 
our  experiments  shows  that  Hill's  conclusions  regarding  the  equahty 
of  the  intracranial  and  venous  pressures  are  not  substantiated  by  our 
experiments.  Either  may  be  higher  than  the  other,  but  under  normal 
conditions  the  differences  in  pressure  are  small,  and  the  variations  in 
pressure  in  experiments  free  from  error  usually  occur  in  the  same  direc- 
tion, although  not  always  exactly  to  the  same  degree.  Therefore,  since 
our  findings  are  based  on  experiment.  Hill's  conclusions  on  theoretical 
grounds  from  experiments  on  absorption,  we  are  forced  to  the  conclu- 
sion that  his  statement  is  in  error.  Frazier  and  Peet  (14)  hold  venous 
and  fluid  pressure  to  be  identical. 
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TABLE! 
The  normal  Uvelt  of  arterial,  venoux  and  fluid  presauret.     Tkit  table  sboiva  the  firtt 
readingt  on  38  dogs  and  repretent*,  therefore,  the  normal  level*  of  the  arteri(d, 
venoua  and  fluid  preesurea. 


«^a»™.= 

^™^„«.™ 

™,o«™.™ 

c...^™„-.™ 

mm.«/H(. 

tiim.ioi.etrh.' 

mi>i.Mi.<»U<r. 

3 
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6 
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77 
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6 
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76 

82 

7 
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8 
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86 

96 

9 

130 

125 

168 

10 

lie 

87 

84 

12 

146 

272 

242- 

U 

112 

285 

104 

16 

114 

81 

05 

17 

112 

102 

77 

IS 

132 

105 

126 

90 

168 

56 

44 

150 

130 

262 

211 

161 

176* 

118 

214 

'   166 

153 

425* 

166 
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142 

84 

56 

174 

108 

205 

98 

184 

140 

116 

96 

192 

124 

141 

123 

197 

148 

150 

99 

214 

110 

72 

83 

216 

130 

55 

113 

219 

104 

44t 

43t 
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108 

76 

72 

230 

130 

208 

90 

231 

100 

03 

68 

243 
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78 

109 

258 

154 

98 

140 

2«7 

124 
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97 

274 

92t 

46 

61 

277 

88 

67 

66 

279a 

160 
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160 

279b 
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98 

97 

280 

100 

82 

100 

281 

122 

87 

95 

282 

m 

90 

106 

283 

90 

96 

110 

284 

144 

72 

166 

Averwte 

128.70 

124.97 

112.25 



*  Highest  presauiv. 
t  Lowest  pTeamire. 
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In  consequence  of  what  we  have  shown  the  last  part  of  the  following 
statement  made  by  Dixon  and  Halliburton  (12)  is  not  correct:  "One 
law  always  holds,  however,  under  ordinary  conditions,  the  arterial  pres- 
sure is  higher  than  the  venous  pre^ure,  and  the  venous  pressure  than 
the  c««bTospinal  fluid  pressure."  This  law  does  hold  for  some  of  the 
cases;  but  numerous  variations  are  seen  in  which  the  fluid  pressure  is 
h^er  than  the  venous  pressure  in  the  torcula.  We  have  seen  this  so 
often  in  our  experiments  that  we  are  confident  that  it  cannot  be  an  error 
due  to  manipulation.  As  may  be  seen  in  table  2,  in  which  the  data  from 
thirty-nine  dogs  is  listed,  when  the  observations  were  begun  the  pres- 
sure was  higher  in  the  venous  blood  titan  in  the  fluid  in  twenty  cases, 
the  pressure  was  higher  in  the  fluid  than  in  the  venous  blood  in  nineteen 
cases. 

We  do  not  believe  that  a  fluid  pressure  much  higher  than  the  venous 
pressure  is  normal,  but  it  does  happen  frequently  that  a  pressure  in  the 
fluid  higher  by  a  few  millimeters  than  in  the  venous  pressure  is  found. 
Observations  with  the  fluid  pressure  much  higher  than  the  venous  pres- 
sure were  made;  in  most  but  not  all  of  these  cases  epidual  or  subdural 
hemorrh^es  were  found.  Why  an  epidual  hemorrhage  should  cause  a 
h^her  fluid  pressure  will  become  evident  later.  Such  a  hemorrhage  is 
usually  but  not  always  of  arterial  origin.  For  that  reason  we  found  it 
best  always  to  discontinue  an  experiment  when  a  great  increase  of  the 
fluid  pressure  over  the  venous  pressure  was  observed  as  well  as  in  cases 
where  the  venous  and  fluid  pressures  were  always  equal.  The  latter 
observation  always  means  a  communication  between  the  subarachnoid 
space  and  the  sinus.  On  the  other  hand  cases  were  found  in  which  such 
a  commimicatioQ  existed,  but  in  which  the  pressures  were  not  the  same 
at  any  time  in  the  experiment. 

Since  our  results  are  not  in  agre^nent  with  those  of  our  predecessors 
we  must  point  out  errors  in  their  experiments  which  we  were  able  to 
avoid.  We  beUeve  that  we  cwi  do  this  satisfactorily.  Neither  of  the 
authors  quoted  above  mention  at  any  point  in  their  papers  the  size  of 
the  manometer  tubing  used  in  their  measurements.  Leyden,  practi- 
cally thefirst  investigator  to  measure  the  fluid  pressure  carefully,  pointed 
out  the  importance  of  the  lo^  of  fluid  into  the  tube  in  the  detenuination 
of  fluid  pressure.  He  ascribes  the  lower  readings  obtained  from  the  water 
manometer  as  compared  with  readings  obtained  with  the  mercury  mano- 
meter in  the  same  animal  to  this  cause.  His  objections  and  views  in 
the  matter  are  correctly  taken.  Of  course  if  care  is  taken  to  adjust  the 
level  of  the  fluid  in  the  tube  to  such  a  height  as  to  baluice  the  preraure 
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in  the  canal,  before  the  latter  is  connected  with  Hie  manometer,  so  little 
or  no  fluid  can  escape  from  one  to  the  other,  then  the  first  reading  will 
be  approximately  correct.  However,  even  if  this  precaution  is  observed, 
error  can  not  be  avoided  later  in  the  experiment  if  a  lai^  bore  manom- 
eter is  used,  an  error  becomii^  pn^ressively  greater  the  farther  the 
pressure  in  the  canal  varies  from  the  normal.  Therefore  we  conclude: 
if  a  large  bore  manometer  is  used  a  correct  estunate  of  the  pressure  of 
the  fluid  can  be  obtained  only  if  the  adjustment  of  the  fluid  to  the  pres- 
sure in  the  canal  is  nearly  perfect  at  the  tune  the  needle  is  pushed  into 
the  canal. 

If  this  situation  holds  for  the  normal  pressure,  it  is  clear  that  with 
rising  or  falling  pressures,  this  factor  becomes  more  important  the 
farther  the  pressure  deviates  from  the  normal.  A  consideration  of  the 
situation  shows:  Under  ordinary  conditions  where  there  is  an  abun- 
dance of  fluid  to  supply  the  apparatus  when  the  pressure  is  rising.and 
an  abundance  of  room  to  accommodate  the  fluid  when  the  pressure 
is  falling  as  is  the  case  in  the  vascular  system,  the  bore  of  the  manometer 
used  in  making  pressure  measurements  is  of  no  importance.  This 
holds  true  in  taking  venous  pressures,  for  in  the  cerebral  venous  system 
there  is  an  abundance  of  blood  available  from  the  general  circulation  to 
supply  the  manometer  tube,  when  the  pressure  is  rising,  and  plenty  of 
space  to  accommodate  the  excess  of  fluid  when  the  venous  pressure  is 
falling.  On  the  contrary,  when  dealing  with  a  situation  where  the 
amount  of  fluid  as  well  as  the  space  to  accommodate  fluid  is  limited,  as 
is  the  case  with  the  cerebrospinal  fluid  and  the  dural  canal,  the  bore 
of  the  mantnneter  ia  of  importance.  With  the  escape  of  the  Orndfjam 
the  canal  into  the  tubing  while  the  pressure  is  rising,  the  observer  will 
measure  not  the  normal  pressure  in  the  canal  with  the  normal  amount 
of  fluid,  but  the  pressure  in  the  canal  less  the  pressure  which  would  have 
been  produced  by  the  amount  of  fluid  lost  into  the  system  of  tubes. 
When  the  pressures  fall  below  the  normal,  he  measures  not  the  pressure 
in  the  canal  under  a  similar  condition  in  the  intact  animal,  but  the  pres- 
sure in  the  canal  increased  by  the  amount  due  to  the  excess  of  fluid  enter- 
ing from  the  manometer  tubes.  For  this  reason  a  large  bore  manometer 
wiU  measure  the  true  pressure  of  the  venous  blood  in  the  sinuses,  but 
will  not  measure  the  true  pressure  in  the  fluid  imder  normal  conditions 
in  the  dural  canal,  if  the  pressure  varies  in  any  d^ree  either  above  or 
below  the  initial  level  at  which  the  observations  were  begun.  To  test 
out  the  validity  of  this  point  we  performed  the  experiments  shown  in 
tabled. 
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This  table  shows  clearly  that  the  bore  of  the  manometer  influeaces 
markedly  the  results  obtained  in  the  measurements  of  the  pressure  of 
the  fluid.  This  does  not  hold  true  to  the  same  degree  for  venous  pres- 
sure measurements.  The  fact  that  the  tracings  shown  by  Hill  and  by 
Dixon  and  Halliburton,  show  wide  excursions  of  the  tambour  levers,  is 
evidence  that  their  manometers  were  fairly  lai^e,  and  for  that  reason 
their  records  of  the  fluid  preseure  where  the'pressure  is  rising  are  too  low, 
where  the  pressure  is  falling  too  high.  Because  in  the  former  case  a 
part  of  the  fluid  flows  out  to  All  the  tube  partially  emptying  the  canal 
and  reducing  the  flnal  pressure  below  what  it  would  have  been  if  the 


InfiaenM  of  the  bore  of  the  manometer  on  the  readingg  of  veaoue  and  eerebroajriwU 
fluid  preasurM.  {Alt  three  manometan  were  connected  before  beginning  any  of 
the  reading!  mth  the  fluid  level  at  tero.  The  meaeuTementa  were  made  by  opening 
the  clamp  to  1,  and  taking  the  reading;  the  flvid  teat  then  forced  back  into  the  canal 
so  the  fluid  stood  at  zero,  and  tAe  clomp  v>as  closed;  t  and  S  were  (A«n  read  in  the 
order  named.    Manometer  1  had  a  bore  of  I  mm.;  5,  S  mm.;  S,  8  mm.) 


Normal 

During  occlusion  of  the  juBulara. 
Normal  after  release  of  jugulftrs. 

Nonnal 

Noemal 

Normaf 

Normal 

Occlusion  of  jugulars 


"■i"i- 


normal  amountof  fluid  had  been  in  the  canal;  inthelatter  the  fluid  flows 
from  the  tube  into  the  canal  overfllling  it,  and  raisii^  the  presEure  above 
what  it  would  have  been  if  the  normal  amount  of  fluid  had  been  in  the 
canal. 

On  theotherhand  the  conclusions  of  Wegefarth  (20)  from  the  work  of 
his  predecessors  as  expressed  in  his  statement  (p.  164):  "It  seems  prob- 
able that  in  both  situations  (the  eye  and  the  brain)  the  fluid  pressures 
are  constantly  being  reduced  to  the  level  of  the  venous  pressure  in  the 
great  sinuses,  and  that,  because  of  the  resistance  of  the  complex  fluid 
pathways  the.  fluid  is  constantly  at  a  higher  pressure  than  in  the  sinus," 
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are  not  warranted  by  our  findings  nor  the  findings  of  our  predec 
Since  it  is  certain  that  venous  pressure  usually  is — some  say  always — 
higher  than  cerebrospinal  fluid  pressure,  it  is  self-evident  that  the  es- 
tablishment of  a  free  communication  between  the  venous  sinuses  and  the 
subarachnoid  space  with  the  idea  of  furnishing  a  pathway  of  escape  for 
the  fluid  in  the  case  of  hydrocephaluB  as  su^ested  first  by  Gaertuer 
(21),  and  modified  later  by  McCIure  (22),  Haynes  (23)  and  W^^arth, 
is  not  an  operation  to  be  undertaken  lightly  in  man  because  of  the 
obvious  dangers  of  subarachnoid  clot  formation  and  its  sequellae  as 
soon  as  the  pressure  in  the  skull  falls  to  the  normal. 

Our  final  conclusion  regarding  the  levels  of  arterial,  venous  and  fluid 
pressures  are :  Venous  and  fluid  pressures  are  always  less  than  arterial 
pressure.  Venous  and  fluid  pressures  are  almost  but  not  exactly  equal, 
but  no  fixed  law  can  be  given  in  regard  to  which  is  under  the  greater 
pressure.  The  differences  when  great  are  in  favor  of  the  venous  pres- 
sure, and  we  find  a  good  many  normal  animals  in  which  the  venous  pres- 
sure is  considerably  higher  than  the  fluid  pressure  (100  mm.)-  Id  our 
series  of  thirty-nine  experiments  here  listed,  seven  animals  with  such 
pressure  relations  were  found.  The  use  of  a  manometer  with  a  wide 
bore  led  to  the  failure  of  earher  workers  to  discover  that  venous  and 
fluid  pressures  are  not  identical,  and  that  it  is  physiologically  possible 
at  least  in  the  dog  for  the  fluid  pressure  to  be  higher  than  venous 
pressure. 

S.  The  normal  variations  in  the  arterial,  venous  and  cerebrospinal  fluid 
pressures  in  the  ajieslhetized  animal 

Having  estabhshed  the  normal  levels  of  arterial,  venous  and  fluid 
pressures  it  is  necessary  to  study  the  variations  undergone  by  these 
pressures  during  a  long  experiment  to  see  how  the  pressures  of  these 
fluids  are  modified  by  continued  anesthesia.  Further,  it  ie  essential  to 
see  whether  the  initial  levels  of  these  pressures  are  representative  val- 
ues, for  it  is  conceivable  that  they  are  subject  to  such  wide  independent 
variations  that  the  initial  levels  are  not  significant  in  the  least  degree. 

Lileraiure:  Hill  believes  the  intracranial  (p.  71)  "is  the  same  as  the 
cerebral  venous  pressure,  and  varies  in  the  same  direction  absolutely 
as  general  venous  pressure,  and  proportionately  as  general  arterial  pres- 
sure", (p.  72).  The  "cerebrospinal  fluid  pressure  does  not 
always  absolutely  correspond,  since  the  brain  ....  on  expansion 
expresses  the  cerebrospinal  fluid  from  the  cranium  and  comes  in  contact 
with  the  cranial  wall." 
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DixoD  and  Halliburton  (12)  in  their  discussion  of  the  norm&l  fluid 
pressure  cite  in  detail  an  experiment  which  gives  the  impression  that 
very  great  differences  exist  between  the  venous  and  the  fluid  pressures, 
normally,  and  that  wide  variations  in  the  Quid  and  venous  pressures  are 
common.  At  the  beginning  of,  and  durii^  an  experiment  lasting  75 
minutes,  these  pressures  showed  wide  variations.  Summarized  the 
experiment  is  as  follows: 


B„™™.a 

ATWiaHuria 

IT  M  uucTm 

iT  7S  wnDTU 

350 
S5 

415 
65 

330 
50 

Difference 

265 

350 

280 

It  should  be  noted  that  between  the  first  and  second  observations  the 
venous  pressure  rose  and  the  fluid  pressure  fell;  between  the  second  and 
third,  they  both  fell;  between  the  third  and  fourth  the  venous  pressure 
fell  and  the  fluid  presBure  rose.  Without  citing  definite  figures  the 
authors  say  that  this  experiment  is  typical  of  all  other  experiments. 
Thus  venous  and  fluid  pressures  varied  twice  in  opposite  directions 
and  once  in  the  same  direction  in  three  observations. 

TABLE  4 

Thit  table  sAoim  the  parialiora  in  pressure  in  a 
hours.     Ob»ervationg  were  made  a 


*  Gauae  of  marked  v 


s  and  fluid  rise  at  this  point  not  clear. 


We  have  made  observations  on  a  large  number  of  animals.  In  order 
to  bring  out  the  characteristics  of  our  observations  we  will  present 
the  variations  in  detail  in  one  animal.    (See  table  4.) 

As  can  be  seen  from  table  4  there  is  a  gradual  slow  rise  in  all  the  pres- 
sures from  the  beginning  to  the  end  of  the  experiment.  The  arterial 
rise  is  gradual  and  steady;  the  fluid  and  venous  pressure  underwent 
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Dumerous  fluctuations,  but  after  the  first  30  minutes  the  tendency 
toward  a  riae became  well  marked.  The  remarkable parallelisn  between 
venous  and  fluid  preaaures  shows  clearly  in  figure  2,  which  was  obtained 
by  plotting  the  readings  on  coordinate  paper.  The  difFerencee  between 
venous  and  fluid  preesurea  are  much  smaller  than  those  reported  by 
Dixon  and  Halliburton,  the  variations  in  venous  and  fluid  pressure  are 
more  nearly  proportional  than  reported  by  th^u  and  unlike  in  ttieir 
experiment,  they  vary  in  the  same  direction  in  every  instance.  There 
are  in  this  experiment  no  exceptions  to  this  rule. 

To  confirm  the  data  from  this  single  experiment  we  give  table  5. 


T>S)lTabl.'f 

EEilS:,.... 

4 

"^3^s„^^ ■■•"■ 

Pig.  2.  This  figure  shows  the  alteratioiia  in  preuuie  in  the  arterial,  vcdoub 
■ad  fluid  system  during  a  long  period  of  observation.  No  manipuUtions  were 
performed  throughout  the  whole  period. 

This  table  shows  readings  taken  at  15  minute  intervals  from  five  dogs 
selected  at  random  from  our  series  of  long  time  experiments.  These 
variations  should  then  be  illustrative  of  the  facts  regarding  the  varia- 
tions in  the  pressures  in  animals,  in  which  mild  changes  were  produced, 
and  the  animals  were  kept  long  under  observation,  and  these  constitute 
the  controls  for  the  whole  work.  Ab  can  be  seen  the  variations  in  these 
five  animals  are  practically  similar  wiUi  the  variations  in  the  sii^le 
animal  cited  in  table  4. 

It  is  evident  from  the  data  in  our  tables  that  we  cannot  E^ree  that 
the  data  in  the  experiment  cited  by  Dixon  and  HaUiburton  is  typical 
of  a  large  number  of  experiments.  In  our  experience  the  avenge  fluid 
and  venous  pressures  are  much  more  nearly  equal  than  in  the  experience 
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Thit  tabU  thtnna  tha  variationt  of  the  ymture*  in  animate  uixfor  expertnwnlol  coti- 
ditiont.  Rtadingt  teere  made  ai  IS  minute  int«rvalt.  tfoU  the  variatiotu  in  UU 
relation*  ofvenotu  and  cerebroepiruil  fluid  •preetwee,  eitiier  may  he  higher  than  the 
other,  bul  closely  follow  each  oth«r.  Arterial  prtaswe  in  millimelart  of  Hg,, 
vemme  preiturt  in  millimetert  of  »odi.  earb,  {1.088);  eerebroejiin^  fluid  in 
miUimeters  of  NaCl  (l  .088) .    Tiinte  extraele  uw«  administered  Mwean  reodtn^f 
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of  Dixon  and  HalliburtoD.  We  have  a  much  closer  parallelism  between 
the  changes  in  the  two  pressures  than  is  shown  by  their  experiments. 
In  our  experiments,  as  can  be  seen  by  referenceto  the  tables,  the  varia- 
tions in  the  normal  animal  are  almost  always  in  the  same  direction  and 
are  to  some  d^ree  proportional.  The  variations  in  all  the  pressures  are 
greater  in  the  experiment  of  Dixon  and  HaUiburton  than  those  seen  in 
the  animal  under  simple  anesthesia.  If  these  figures  shown  by  these 
authors  were  typical,  if  the  pressures  were  subject  to  variations  as  wide 
as  those  recorded,  if  the  pressures  lacked  the  parallehsm  of  change  to 
the  d^ree  their  experiment  shows,  then  it  would  be  useless  to  go 
farther,  for  it  would  be  impossible  to  draw  any  conclusions  from  KEperi- 
ments  on  this  subject  for  the  normal  variations  would  be  so  wide  as  to 
render  conclusions  from  experiment  of  no  value.  Our  results  show  that 
the  pressures  are  much  less  variable,  and  that  the  pressures  vary  much 
more  nearly  in  the  same  directions  and  to  the  same  d^^ree.  To  be 
specific:  In  the  58  simultaneous  changes  shown  in  table  5  above,  the 
pr^sure  of  venous  blood  and  fluid  varied  in  the  same  direction  50  times, 
in  opposite  directions  6  times,  and  in  2  instances  one  varied  and  the 
other  r^nained  stationary.  In  the  same  58  changes  art^ial  and  venous 
pressure  varied  in  the  same  direction  37  times,  in  opposite  directions  16 
times,  and  in  5  cases  one  remained  unchanged  while  the  other  changed. 
In  the  same  58  readings  arterial  and  fluid  pressure  varied  in  the  same 
direction  39  times,  in  opposite  directions  15  times,  and  in  4  cases  one 
remained  stationary  while  the  other  changed.  It  is  thus  self-evident 
that  fluid  pressure  follows  venous  pressure  more  closely  than  it  follows 
arterial,  and  also  that  venous  and  fluid  pressure  vary  in  the  same 
direction  and  these  variations  are  to  some  d^ree  proportional. 

Our  variations  in  the  pressure  level  of  fluid  is  considerably  wider  in 
the  individual  animal  than  tiiose  reported  by  Weed  and  McKibben 
(36)  in  their  recent  article  on  fluid  pressures.  However,  these  varia- 
tions add  to  rather  than  detract  from  the  proof  that  the  fluid  follows 
venotis  rather  than  arterial  pressure  variations.  Further,  our  composite 
curve  of  Ave  animals,  if  plotted  from  table  5,  would  compare  very 
closely  to  the  curve  they  show  as  the  composite  of  seven  animals. 

S.  The  infiuenee  on  Oie  fiuid  pressure  of  raising  ajid  Unoering  the  venotiS 


As  has  already  been  shown,  the  pressure  of  fluid  in  the  canal  is  always 
positive  under  the  conditions  we  have  studied.  The  sources  of  this 
positive  pressure  must  now  be  investigated,  and  if  more  than  one  force 
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contributes,  then  the  relative  importance  of  each  must  be  detennined 
by  experimeiital,  not  theoretical,  means.  Unfortunately  it  is  not  always 
possible  to  secure  a  change  in  one  factor  at  a  time,  leaving  all  the  others 
constant,  for  any  manipulation  changing  one,  modifies  to  some  degree 
one  or  more  of  the  others.  Hence  the  experimental  proofs  are  not  purdjr 
objective,  and  are  we^tened  by  the  errors  common  to  the  interpretation 
of  complicated  experiments.  In  considering  the  origin  of  the  positive 
fluid  pressure,  the  following  sources  must  be  emphasized:  a,  arterial 
blood;  b,  venous  blood — either  or  both  of  these  may  transmit  pressuie 
to  the  fluid  through  the  walls  of  the  vessels;  c,  alterations  in  the  volume 
of  the  brain,  from  gain  or  loss  of  blood  or  other  fluid  by  that  o^an;  d, 
secretory  pressure  from  the  activity  of  the  cells  elaborating  the  fluid,  thus 
forcing  the  accumulation  of  the  fluid  into  a  confined  space,  the  canaL 
Any  or  all  of  these  forces  may  be  active  in  modifying  the  pressure  under 
which  the  fluid  is  found.  The  influence  of  the  factors  enumerated  is 
modified  by  the  amount  of  fluid  in  the  canal,  and  hence  by  the  rate  at 
which  the  fluid  is  formed  and  r^noved.  The  inter-relations  of  the 
artwial,  venous  and  fluid  pressures  were  studied  by  noting  the  variar 
tioBfl  in  these  pressures  in  an  animal  under  ether  for  a  long  time  without 
any  other  manipulations  than  those  essential  to  the  connection  of  the 
necessary  apparatus,  and  by  observing  what  effect  modifyii^  one  at  a 
time  or  two  at  a  time  had  upon  those  remaining. 

LUerature:  So  far  as  we  are  able  to  cover  the  literature,  Falkenheim 
and  Naunyn  (19)  were  the  first  to  study  the  influence  of  raising  tiie  ve- 
nous pressure  on  the  pressure  of  the  cerebrospinal  fluid.  They  produced 
this  result  by  blowing  up  a  rubber  balloon  in  the  right  ventricle.  Tbey 
noted  in  two  of  the  cases  a  rise  in  fluid  pressure;  in  the  third,  a  fall. 
In  the  first  two  cases  reported  the  arterial  pressures  were  low,  105  to 
120,  in  the  third  the  arterial  pressure  was  high,  210,  and  they  concluded 
that  the  rises  were  due  to  venous  stasis  without  much  reduction  in  car- 
diac ou^nit,  while  the  fall  was  due  to  a  fall  in  arterial  pressure  due  to 
the  marked  reduction  of  cardiac  output  because  of  the  pressure  of  the 
balloDn.  These  explanations  are  probably  correct,  although  so  far  as 
the  tabular  report  of  the  experiment  is  concerned  neither  venous  i»es- 
sure  nor  arterial  pressure  is  recorded. 

Dixon  and  HaUiburton  (11)  in  their  first  sxticle  dealii^  with  the  out- 
flow of  fluid  under  the  influence  of  depressor  substances  in  general  and 
choroid  extract  in  particular,  eliminate  the  factor  of  the  venous  pres- 
sure by  argument,  not  by  experiment.  They  say  (p.  240)  in  regard  to 
depressor  substances:  "It  might  be  ai^ed  that  the  fall  of  blood  pres- 
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8ur«  in  the  arteries  will  be  accompanied  by  a  rise  in  the  veinB.  . 
This  argiuneDt  may  be  met  in  the  following  ways:  (1)  increase  in  the 
venous  volume  will  be  coimteract«d  and  probably  counterbalanced  by 
decreased  arterial  volume,  bo  the  change  of  brain  volume  will  be  n^Ii- 
gible;  (2)  the  fall  of  arterial  pressure  is  not  always  seen;  and  (3)  other 
BubBtances  which  cause  a  depressor  effect  do  not  increase  the  cerebro- 
spinal flow."  That  this  ai^ument  will  not  hold  will  be  shown  in  the 
experimental  part  of  the  paper. 

In  their  second  paper  (12)  these  authors  had  come  to  recognise  the 
important  influraioe  of  venous  pressure  on  the  fluid  pressure.  Thus 
they  noted  (p.  141)  that  a  rise  in  venous  pressure  produced  a  rise  is 
fluid  pressure.  "It  will  be  noted  that  in  each  instance  the  rise  in  C.  S. 
pressure  is  only  about  one-quarter  that  which  occurs  in  the  torcular." 
They  say  further  (p.  142):  "If  arterial  and  venous  pressures  are  low- 
ered, as  for  example  by  bleeding,  the  drop  in  C.  S.  pressure  is  relatively 
small."  They  state  further  from  experiment  that  the  alterations  in 
fluid  pressure  and  venous  pressure  are  not  synchronoiu  nor  propor- 
tional, and  hence  independent  of  each  other;  and  state  in  their  conclu- 
sion: "The  C.  9.  pressure  is  influenced  paasively  to  a  small  extent  by 
changes  in  arterial  and  venous  pressures,  but  such  alterations  are  insig- 
nificant compared  with  the  independent  changes  in  pressure  which  occur 
as  the  result  of  secretory  activity." 

In  their  third  article  these  authors  study  the  effect  of  increased  intrar 
cranial  pressures  upon  the  circulation  and  respiration.  In  addition  to 
studying  the  effect  on  the  various  centers  of  the  medulla  they  attempt 
to  draw  conclusions  r^arding  the  rate  of  blood  flow  through  the  brain 
by  study  of  the  rate  of  flow  from  the  "  cerebral  end  of  the  cut  left  inters 
nal  jugular  vein." 

Frasier  and  Peet  (7)  state:  "The  pressure  of  the  cerebrospinal  fluid 
is  under  normal  conditions  identical  with  venous  pressure,  conditions 
affecting  venous  pressure  ....  should  disturb  the  pressure  of 
the  cerebrospinal  fluid."  From  experiments  briefly  cited  they  eon- 
elude:  "The  pressure  of  the  cerebrospinal  fluid  drops  to  sero  after  oc- 
clusion of  the  carotid  circulalaon  only  to  recover  itself  in  a  very  few 
minutes,  while  occlusion  of  the  venous  circulation  is  followed  by  a  rise 
in  pressure  more  or  less  constant The  more  or  less  con- 
stant rise  in  pressure  when  the  venous  circulation  is  interrupted  eon- 
firms  the  hypothesis  that  the  absorption  of  cerebrospinal  fluid  takes 
place  chiefly  through  the  venous  channel." 
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Id  a  second  paper  (14)  tliey  state:  "The  adminiatration  of  any  de- 
pressor substance  such  as  extract  of  spleen,  ether,  amyl-nitrate  (nitrite?) 
or  magnesimn  sulphate  caused  a  marked  drop  in  arterial  pressure  fol- 
lowed by  a  slow  rise  to  normal.  Practically  coincident  with  this  drop 
in  arterial  blood  pressure  was  a  sudden  rise  in  the  cerebral  sinus  pres- 
sure. This  usually  occurred  inunediately  after  the  sudden  drop,  and  not 
with  it.  The  sinus  pressure  continued  to  rise  as  long  aa  the  arterial 
blood  pressure  remained  at  its  lower  level.  As  the  femoral  pressure 
gradually  returned  to  normal  the  sinus  pressure  slowly  dropped."  They 
conclude:  "The  sudden  increase  in  the  rate  of  outflow  following  the 
injection  of  organ  extracts  is  the  result  of  sinus  distenfiion  which  forces 
out  fluid  already  present  in  the  ventricles  and  cistema." 

Weed  and  Gushing  state:  "In  view  therefore  of  the  possible  influ- 
ence of  these  physical  factors  (alterations  in  capillary  pressure  due  to 
changes  in  arterial  and  venous  pressure  produced  by  the  injection,  and 
the  possibility  of  fluid  displacement  by  the  accumulation  of  venous 
blood)  on  the  discharge  of  cerebrospinal  fluid,  it  is  hazardous  to  as- 
sume that  certain  agents  stimulate  the  secretion  of  the  choroid  plexuses, 
merely  because  of  an  observed  increase  in  flow  from  a  cannula." 

Dandy  and  Blackfan  (24)  describe  a  series  of  experiments  in  which 
they  attempted  to  increase  the  fluid  outflow  from  a  cannula  inserted  into 
the  canal  through  the  atlas.  They  state:  "The  most  striking  and 
uniform  result  obtained  ....  followed  temporary  compres- 
sion of  the  jugular  veins.  Except  in  one  instance  there  was  always  a 
marked  and  instantaneous  increase  of  cerebrospinal  fluid  following  jugu- 
lar compression.  We  believe  this  can  be  expliUned  only  by  an  increased 
production  of  fluid." 

Experimental:  A  study  of  the  influence  of  the  venous  pressure  can 
be  carried  out  almost  imcomplicated  by  alterations  in  the  arterial  pres- 
sure. This  can  best  be  done  by  ligation  of  the  ji^ular  veins.  liga- 
tion of  the  internal  jugulars  alone  in  most  "^"'""tl"  produces  little  effect, 
either  upon  the  venous  or  the  fluid  pressure.  In  a  very  small  percent- 
age of  cases  a  rather  marked  rise  in  the  venous  and  the  fluid  pressure 
will  follow  such  a  ligation.  (See  table  6.)  Thu  is  of  course  in  keeping 
with  the  findings  of  G&rtner  and  Wagner  (25).  Unless  otherwise  speci- 
fied, the  term  "lotion  of  the  jugular"  meaiw  ligation  of  the  external 
ones  only.  The  effect  of  the  ligation  of  these  veins  upon  the  arterial 
and  fluid  pressures  can  best  be  shown  by  the  use  of  tables.  (See  tables 
6  and  7  and  figs.  3,  A,  B  and  C,  and  4). 
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Table  7  showB  clearly  that  a  rise  in  the  venous  pressure  produced  by 
the  ligation  of  the  jugulars  is  accompanied  in  every  case  by  a  rise  in 
the  pressure  in  the  fluid.  The  rise  in  the  latter  is  not  bo  great  as  in 
the  former,  and  these  differences  vary  in  the  different  animals,  but  the 
rise  in  the  venous  pressure,  if  great,  is  accompanied  by  a  pronounced 
rise  in  the  fluid  pressure;  if  small,  by  a  small  rise  in  the  fluid  pressure. 
It  is  also  to  be  noted  that  the  changes  are  diphasic.  The  venous  and 
fluid  pressures  rise  and  fall  abnost,  in  the  best  experiments  absolutely, 


Fig.  3.  This  figure  ihowi  the  differences  in  the  reaction  of  a  dog  to  ligation 
of  the  internal  and  external  jugulon.  It  shows:  a,  the  greater  effeetjvenesi 
of  ligation  of  the  external  jugulars  than  lig&tion  of  the  internal  jugulars  in  raiang 
venous  and  fluid  pressures;  h,  the  striking  similaritr  in  the  curves  of  venous 
and  fluid  pressure,  both  as  regards  the  time  relation  and  the  ahspe  of  the  curves. 
The  numbers  represent  milliineters  of  a  solution  with  a  specific  gravity  of  1.008. 
In  this  and  in  later  tracings,  T  designates  the  toroulai  venous,  F  the  C.  5.  fiuid 
pressure. 

aynchronously.  As  can  be  noted  from  the  figure,  there  is  tendency  for 
the  fluid  rise  to  lag  behind  the  venous  rise.  The  same  holds  true  for 
the  fall,  a  phenomenon  which  has  an  easy  explanation  in  the  greater  com- 
plication of  the  system  of  canals  through  which  the  fluid  must  pass 
both  in  leaving  and  in  reentering  the  canal.  The  amount  of  delay 
varies  widely  between  different  animals.  It  is  also  to  be  noted  from 
figure  4  that  the  height  of  the  rise  following  l^ation  of  the  veins  is  de- 
pendent lai^ely  upon  the  height  of  the  arterial  pressure.     If  the  latter 


lizcdbyGoOi^Ie 


FBANE  C.  BBCHT 


II 

if 
i^ 

I'i 

11 
1| 

is 
h 

H 


5 

■*ft 

IS 


lizcdtyGooi^Ie 


aTHMBS  ON  THE   CBHEBB08P1NAL  FLUID  45 

is  high,  occlusion  of  the  veins  produces  a  marked  rise  in  the  venous 
and  fluid  pressures;  if  low,  ligation  of  the  veins  produces  a  small  effect. 
This  can  be  seen  readily  by  reference  to  figure  4.  In  this  figure  we  have 
the  effect  of  three  ligations  in  the  same  animal.  The  first  was  early  in 
the  experiment  with  a  high  blood  pressure.  It  produced  a  great  rise 
both  in  the  venous  and  the  fluid  pressures.  The  second  was  in  the 
middle  of  the  experiment,  the  pressure  had  fallen  in  the  artery,  and  the 
effect  of  the  Ugation  of  the  vein  was  to  raise  the  pressure  in  the  sinus 


Pig.  5.  This  figure  ehows  that  when  the  siaus  is  opened  ho  that  the  torcular 
preMure  falls  from  13  to  —40  mm.  (53  mm.),  the  fluid  preaoure  f&lla  from  22  to 
—10  mm.  (82  mm.).  The  remainder  of  the  tracing  was  a  study  on  another  phase 
of  the  subject,  and  is  given  only  to  show  that  the  venous  pressure  rose  to  8,  the 
fluid  pressure  to  3  mm.  after  the  sinus  was  closed  aad  the  effect  of  adrenalin 
had  passed  off. 

and  the  fluid  considerably  but  not  nearly  so  much  as  in  the  first  ligation. 
The  third  was  at  the  end  of  the  experiment,  the  arterial  pressure  was 
low  and  the  effect  on  venous  and  fluid  pressures  was  slight,  almost 
negligible. 

Further,  lowering  the  normal  venous  pressures  in  the  skull  by  open- 
ing the  sinus  results  in  a  fall  of  the  fluid  pressure.  (See  fig.  5). 
Table  1  and  figiu%  1  show  that  cerebral  venous  and  general  venous  do 
not  vary  to  the  same  degree  or  even  in  the  same  direction. 
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Since  a  rise  in  venouB  pressure  always  produces  a  rise  in  fluid  presaiu^, 
and  a  fall  in  venous  pressure  always  produces  a  fall  in  Suid  pressure,  it 
is  self-evident  that  in  any  experiment  the  cerebral  venous  pressure 
must  be  measured  during  the  experiment  to  eUminate  the  possibility  of  a 
venous  pressure  change  before  increased  formation  or  absorption  can 
be  proved. 

A  study  of  the  influence  of  torcular  venous  pressure  upon  the  pressure 
of  the  cerebrospinal  fluid  makes  it  evident  that  any  experiment  involv- 
ing the  use  of  a  drug,  or  any  physiological  manipulation  which  has  the 
least  possibility  of  producing  changes  in  the  venous  pressure,  is  worth- 
less unless  the  venous  pressure  in  the  sinus,  not  in  the  general  circula- 
tion, is  measured  as  well  as  the  arterial  and  fluid  pressures.  The  marked 
influence  of  venous  upon  the  fluid  pressure  is  so  easily  established,  and 
its  s^nificance  is  so  unmistakable,  that  it  is  surprising  that  any  recent 
worker  would  n^Iect  the  measurement  of  this  important  factor  in  any 
experiment  from  which  be  intends  to  draw  conclusions  r^^ding  the 
nature  of  the  chaise  in  the  fluid  pressure  and  the  fluid  formation.  If 
limited  to  the  measurement  of  one  of  these  besides  the  cerebrospinal 
fluid  pressure  he  woidd  do  well  to  measure  the  venous  pressure  rather 
than  the  arterial,  because  of  the  relatively  greater  importance  of  the 
fonner  than  the  latter  in  the  determination  of  the  fluid  pressure.  The 
fact  that  Frazier  and  Peet,  Dandy  and  Blackfan,  and  Weed  and  Cushing 
in  their  work  failed  to  record  this  pressure  in  a  sii^le  one  of  their  ex- 
periments, and  that  Dixon  and  Halliburton  (12)  in  l^eir  work  on  the 
choroid,  measured  arterial  and  venous  pressures  in  one  animal  or  experi- 
ment, and  arterial  and  fluid  pressures  in  another,  and  took  it  for  granted 
that  the  behavior  of  the  venous  pressure  was  the  same  in  both  cases — 
when  such  was  not  necessarily  the  case  at  all — detracts  markedly  from 
the  value  of  their  work. 

Let  us  take  up  more  in  detail  the  criticism  of  the  experiments  found 
in  the  Uterature.  We  believe  that  the  authors  mentioned  failed  to 
measure  the  venous  pressure  simultaneously  with  other  pressures,  be- 
cause they  imderestimated  its  influence  on  the  fluid  pressure.  Dixon 
and  HalUburton  say:  "The  rise  in  C.  S.  pressure  is  only  about  one- 
quarter  that  which  occurs  in  the  torcula  ....  when  the  two 
pressures  are  low  the  passive  effects  of  increasing  the  venous  pressure 
is  negj^ble."  Thus  these  authors  while  admitting  that  increasing  the 
venous  pressure  passively  increases  the  fluid  pressure,  do  not  find  the 
increase  in  the  latter  to  any  degree  comparable  to  the  increase  in  the 
former.    In  our  work,  making  use  of  a  manometer  with  a  fine  bore,  as 
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can  be  seen  from  the  table,  the  cbangea  in  pressure  in  the  venous  and 
fluid  Bystema  are  much  more  nearly  equal  than  in  the  few  experiments 
cited  by  Dixon  and  Halliburton.  We  are  convinced  that  if  we  could 
measure  the  fluid  pressure  at  the  crest  of  the  venous  rise  as  accurately 
as  we  can  at  the  bottom  without  permitting  the  escape  of  fluid  into 
the  manometer  tube,  the  changes  in  fluid  pressure  would  almost  if  not 
quite  equal  the  changes  in  venous  pressure.  Their  error  lies  in  the  fact 
that  they  used  a  piece  of  apparatus  not  adapted  to  the  needs  of  the 
experiment,  with  the  result  that  they  did  not  measure  the  pressure  in 
the  normal  intact  animal,  but  the  pressure  change  in  an  animal  with 
the  pressure  reduced  by  the  withdrawal  of  an  amount  of  fluid  neces- 
sary to  fill  the  tube  of  the  manometer  to  the  required  level.  They 
failed  to  note  also  that  if  venous  pressure  is  low  the  arterial  pressure 
may  be  relatively  high,  and  that  when  this  is  the  case  obstruction  of 
the  venotia  outflow  or  ligation  of  the  veins  is  followed  by  a  great  rise 
both  in  the  venous  and  fluid  pressures,  for  it  is  the  "highness"  of  the 
arterial  pressure,  not,  as  they  state,  the  "lowness"  of  the  venous  pres- 
sure which  determines  the  amount  of  rise  in  the  venous  pressure  follow- 
ing occlusion  and,  therefore,  the  amount  of  rise  in  the  fluid  pressure. 
(See  fig.  4.  Compare  also  the  results  in  tracing  152  a,  with  152  d, 
table  7). 

Nor  can  we  concur  in  the  statement  made  by  the  authors  that: 
"  Perhaps  the  most  remarkable  feature  of  the  cerebrospinal  fluid  viewed 
from  the  physical  side  is  the  fact  that  relatively  small  circulatory  chaises 
as  detennined  by  the  general  arterial  and  venous  pressures  may  cause 
lai^e  changes  in  the  cerebral  venous  pressure,  but  have  httle  effect  on 
the  cerebrospinal  fluid  pressure."  As  we  have  already  said,  the  gen- 
eral venous  and  the  torcular  venous  are  practically  independent  of  each 
otiier,  they  vary  in  the  same  or  in  opposite  directions  as  is  shown  fully 
in  table  1  and  in  figure  1.  But  in  the  measurements  shown  in  the  table, 
in  only  one  case  was  the  general  venous  higher  than  the  torcular  venous. 
We  used  the  brachial  vein  in  preference  to  the  right  heart  because  of 
the  fact  that  the  technic  in  using  the  former  is  less  cumbersome,  and 
the  balloon  in  the  auricle  must  dam  the  blood  back  into  the  great  veins 
to  some  extent,  and  what  is  more  dangerous,  to  a  varying  extent.  The 
fluid  pressure  nearly  always — in  fifty  of  fifty^eight  cases — varies  in  the 
same  direction  as  the  cerebral  venous  pressure,  and  in  some  degree 
proportionally. 

Further  we  observe,  as  they  have  done,  great  changes  in  the  torcular 
venous  pressure  without  a  corresponding  change  either  in  general  ar- 
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teria!  or  venous  pressureB.  Extreme  care  must  be  obeerved  in  this 
work;  a  rise  in  general  venouB  pressure  usually  gives  a  rise  in  the  tor- 
cular  pressure;  movements  of  the  head,  perhaps  shifting  the  muzzle 
only  a  fefr  inches  will  raise  the  toroular  pressure  30  or  40  mm,  probably 
by  oocludii^  the  jugular  veins  in  the  neck.  The  observation  was  made 
long  ago  that  shifting  the  bead  would  raise  the  &tiid  pressure  (16). 
The  explanation  given  by  this  writer  was  that  the  lateral  movements 
of  the  spine  narrowed  the  space  available  for  the  fluid  and  thus  increased 
the  pressure  of  the  fluid  in  the  canal.  The  increase  in  venous  pressure 
invariably  increases  the  pressure  of  the  fluid.  Placii^  the  hand  on  the 
neck  or  on  the  abdomen  has  the  same  effect.  In  the  experiments  which 
we  performed  and  considered  free  from  error,  any  rise  in  the  venous 
pressure  in  the  torcula  was  always  accompanied  by  a  rise  in  the  fluid 
pressure.  Therefore,  the  last  statement  in  the  quotation  above  is  an 
error,  for  as  can  be  seen  from  our  experiments  on  venous  occlusions,  the 
cerebral  venous  pressure  invariably  does  influence  the  fluid  pressure 
directly.  If  this  is  true  for  venous  pressure  raised  passively,  it  is  true 
also  for  the  pressure  rises  in  venous  blood,  whether  caused  by  drugs  or 
other  agencies. 

From  the  conclusions  of  Frazier  and  Peet  regarding  the  influence  of 
the  venous  pressure  on  the  fluid,  it  is  evident  that  they  also  underesti- 
mate the  importance  of  this  factor.  A  rise  of  40  mm.  in  fluid  pressure 
is  not  as  much  as  is  to  be  expected  on  ligation  of  the  jugular  vein  if  the 
animal  is  in  good  condition.  The  rises  in  our  experiments  averaged  86 
mm.  We  do  not  know  the  diameter  of  the  manometer  tube  t^ey  used, 
so  cannot  judge  whether  the  error  is  In  the  apparatus  or  is  to  be  ascribed 
to  some  other  source.  However,  in  our  experiments,  animals  long 
imder  ether  anesthesia  showed  practically  no  rise  in  the  venous  pressure 
on  ligation  of  the  veins,  because  the  arterial  pressure  was  too  low.  This 
may  have  been  the  cause  of  the  small  rise  they  record ;  or,  morphine- 
urethane  anesthesia  pushed  too  far  would  produce  the  same  results. 
The  fact  remains  that  ligations  such  as  they  decribe,  carried  out  in  fresh 
animals  under  a  proper  degree  of  anesthesia,  show  the  results  given 
in  table  7,  which  records  the  effects  on  the  venous  and  fluid  pressure  of 
the  ligation  of  the  jugulars  in  eighteen  animals.  It  will  be  seen  that 
the  greatest  change  in  venous  pressure  was  in  no.  152  a,  where  the  venous 
pressure  rose  383  mm.  of  sodium  carbonate,  while  the  fluid  pressure 
rose  132  mm.  of  NaCl.  The  greatest  change  in  fluid  pressure  was  in 
no.  161,  where  while  venous  pressure  rose  270  mm.  of  sodium  carbonate, 
fluid  pressure  rose  202  mm.  NaCl.    The  smallest  rise  was  in  no.  226  a, 
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where  the  venous  rise  was  18  mm.,  the  fluid  riae  3  mm.  The  average 
for  the  whole  series  was  arterial  rise  —4.9;  venous  139.6,  fluid  86.5. 
These  resulte  show  conclusively  that  the  figures  reported  by  Frasier  and 
Feet  are  too  low,  hence  the  importance  of  the  venous  pressure  in  the 
experiments — a  pressure  which  they  mention,  but  do  not  record — ^is 
enonnously  increased. 

These  tables  substantiate  the  statement  made  by  Hill  long  ago,  that 
an  increase  in  the  venous  pressure,  uncomplicated  \)y  any  marked 
change  in  the  arterial  pressure,  is  accompanied  by  an  increase  in  the 
cerebrospinal  fluid  pressure;  while  a  fall  in  the  venous  pressure  is  ac- 
companied by  a  fall  in  the  cerebrospinal  fluid  pressure.  This  proves 
clearly  that  in  those  cases  where  venous  pressure  was  not  recorded  the 
writers  do  not  have  all  the  facts  regarding  the  forces  responsible  for  the 
changes  in  the  pres  ure  and  the  outflow  of  the  fluid.  This  one  fact 
eliminates  a  lai^e  number  of  recent  experiments  from  consideration. 
Dandy  and  Blackfan  apparently  were  not  aware  of  the  fact  that  the 
outflow  of  the  fluid  was  only  half  of  the  total  change  in  the  fluid  which 
occurs  on  ligation  and  release  of  the  veins,  for  under  suitable  conditions 
of  experimentation  the  fluid  would  have  returned  to  the  skull  in  an 
amount  equal  to  the  amount  which  escaped.  They  would  not  have 
drawn  the  conclusions  they  did  if  they  had  known  that  the  changes  are 
reversible.  The  fact  which  they  consider  of  so  much  importance,  that 
the  original  rate  of  outflow  from  the  cannula  was  re^tabli&hed  after 
the  release  of  the  veins,  is  of  no  great  significance,  for  with  the  release  of 
the  veins  and  the  reduction  of  the  venous  pressure  in  the  skull,  fluid 
from  some  other  place  in  the  subarachnoid  space  was  released  and  flowed 
out  of  the  needle.  This  explains  why  repeated  ligations  and  release  of 
the  jugulars  produced  repeated  increases  in  the  outflow,  as  well  as  the 
observation  that  the  original  rate  of  outflow  was  reestablished.  Ac- 
cording to  our  own  observations  on  this  point  repeated  ligations  of  the 
veins  become  pn^ressively  leas  effective  in  producing  fiuid. 

Having  established  the  fact  that  the  changes  in  the  venous  and  fluid 
pressures  are  in  the  same  direction,  more  or  less  equal  in  amount,  and 
reversible,  it  is  necessary  to  inquire  into  the  nature  and  mechanism  of 
the  changes.  We  believe  that  one  of  three  explanations  is  the  correct 
one: 

1.  Increased  formation  [due  a,  to  increased  capillary  tension;  b,  to 
increased  secretion  due  to  asphyxia,]  perhaps  complicated  by  impaired 
absorption. 
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2.  Increased  venous  pressure  with  the  aocumul&tion  of  venous 
blood  in  the  sinuses  and  the  displacement  of  fluid;  an  increased  ac- 
cumulation of  venous  blood  without  an  increased  pressure  is  possible. 

3.  Simultaneous  but  independent  rises  in  fluid  and  venous  pressures. 

1.  Ligation  of  the  veins  increases  the  capillary  pressure  in  the  skull. 
Because  the  venous  pressure  is  increased  without  much  reduction  in  the 
arterial  pressure,  filtration  is  favored,  if  that  be  the  mechaniam  of  the 
formation  of  the  fluid.  Frazier  and  Peet  (14,  p.  484)  believe  this  factor 
important  for  pressures  over  190  mm.  of  water  in  the  veiia.  Weed  and 
Gushing  (8,  p.  100)  say  "venous  preasureB  ....  may  exert 
considerable  effect  upon  the  secretory  pressure  through  alteration  in 
the  capillary  tenmon  for,  as  Starling  has  demonstrated,  capillary  pres- 
sure follows  more  closely  upon  alteration  in  venous  pressure  than  upon 
far  greater  changes  in  the  arterial  tonus."  Ligation  of  the  veins  pro- 
duces venous  staeis,  and  thus  asphyxia  may  stimulate  the  eeUs  to  in- 
creased activity,  if  secretion  is  the  mechanism  of  the  formation  of  the 
fluid.  The  r61e  of  asphyxia  as  a  stimulus  to  the  cells  of  the  choroid 
has  been  strongly  emphasized  by  recent  writers  (12).  In  addition  to 
this,  since  it  is  evident  that  the  absorption  of  the  fluid  is  by  way  of  the 
veins  rather  than  by  the  lymphatics,  ligation  of  the  veins  should  pre- 
vent absorption  and  thus  favor  the  aociunulation  of  the  fluid.  H^ice 
the  fluid  pressure  may  rise,  not  only  because  more  fluid  is  formed,  but 
because  less  is  absorbed  from  the  can^.  On  this  point  Frazier  and  Peet 
(p.  274)  say:  "The  more  or  less  constant  rise  in  pressure  when  the 
venous  circulation  is  interrupted  confirms  the  hypothesis  that  the  ab- 
sorption of  cerebrospinal  fluid  takes  place  chiefly  through  the  venous 
channel.  We  can  show  that  neither  filtration  nor  secretion  need  be 
assumed  to  explain  the  facts." 

2.  The  second  explanation  of  the  rise  in  the  fiuid  pressure  on  ligation 
of  the  jugulars  is  that  it  is  due  to  the  increase  in  the  venous  pressure, 
which  permits  the  accumulation  of  the  venous  blood  in  the  sinuses,  and 
displaces  the  fluid  from  its  usual  place  in  the  canal. 

■  In  favor  of  the  second  we  have  the  observation  that  the  changes  in 
the  two  pressures  are  synchronous.  And  not  only  are  the  changes 
parallel  but  they  are  to  some  degree  proportional.  (See  table  8  and  fig. 
4).  The  rise  in  the  fluid  pre^ure  is  61  per  cent  of  the  rise  in  the  venous 
pressure,  and  the  fall  is  69  per  cent  of  the  fall  in  the  venous  pressure. 
This  parallelism  is  confirmed  in  the  work  of  Dixon  and  Halliburton. 
They  do  not  confirm  our  findings  as  regards  the  amount  of  change: 
"The  rise  of  the  C.  S.  pressure  is  one-quarter  that  which  occurs  in  the 
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torcula."  The  explanation  of  the  differeDces  between  their  obeerra- 
tions  and  our  own  has  already  been  fully  discussed  in  the  section  on  the 
influence  of  the  size  of  the  manometer  tubes.  The  failure  of  Dixon  and 
Halliburton  to  notice  that  the  venous  and  the  fluid  pressures  vary  much 
more  nearly  to  the  same  degree,  led  them  to  the  erroneous  conclusion 
that  "fluid  pressure  is  an  independent  pressure  and  the  factors  deter- 
mining its  height  are  dependent  on  the  rate  of  secretion  and  absorp- 

TABLB   8 

This  tabU  *hotes  the  effecit  on  the  arterial  and  Mnout  presauret  of  tTtereasing  the 
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tion."  That  this  statement  is  not  warranted  by  experiment  ia  evident 
from  the  tables  cited  and  figures  shown  above:  where  it  is  shown 
clearly  that  under  suitable  conditions  of  measurement,  the  venous  and 
fluid  pressures  run  a  remarkably  parallel  course.  They  vary  in  the  same 
direction  too  often  to  be  independent  of  each  other.  Modifying  the 
venous  pressure  chaises  the  fluid  pressure  in  the  same  direction.  It  is 
clear  from  these  facts  that  one  of  the  factors  determining  the  fluid  pres- 
sure in  the  animal  is  the  venous  pressure  in  the  skull.    If  the  pressure 
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variea  in  the  experimental  animal  under  the  influence  of  chaises  in  the 
venous  pressure,  there  is  no  reason  for  assumii^  that  it  does  not  do  so 
in  the  intact  animal. 

In  order  to  prove  that  the  occlusion  of  the  ji^ulars  ia  not  accompanied 
by  the  formation  of  an  increased  amount  of  fluid,  the  following  experi- 
ment was  carried  out : 

SmBll,  bl&ck,  mole  cur  dog,  weight  11  kilos.  Animal  prepared  by  the  usual 
method  as  described  above.  Ether  by  constant  insufflation.  With  all  the  pres- 
surea  constant  1  cc.  of  NaCl  was  injected  into  the  dural  canal.  The  arterial  prea- 
sure  was  unchanged  at  124  mm.,  venous  pressure  was  unchanged  at  144  mm.,  fluid 
pressure  rose  from  ISO  mm.  to  230  mm.,  as  recorded  by  our  1  mm.  manometer  tube. 
The  time  required  for  a  return  approxunately  to  the  normal  was  e  minute*  and 
the  point  reached  was  126  mm.  After  the  return  of  the  pressure  to  the  normal, 
the  fluid  pressure  was  raised  to  the  same  degree  by  ligation  of  the  veins.  In  this 
case  both  vmout  and  fiuid  preasure  roie,  the  former  from  146  to  2S0  mm.,  the  latter 
from  126  to  225  nun.  Release  of  the  veins  was  followed  by  a  rapid  return  of  both 
pressures  to  the  normal  levels,  in  II  teeond». 

This  experiment,  fully  substantiated  by  niunerous  others,  shows 
conclusively  that  the  time  required  to  reduce  ihe  fluid  pressure  by  the 
absorption  of  a  sufficient  amount  of  fluid  necessary  to  produce  a  rise  of 
about  120  mm.  in  the  fluid  pressure  is  enormously  longer — about  thirty- 
three  times  as  long — than  the  time  required  to  reduce  an  equal  increase 
in  the  fluid  pressure  produced  by  ligation  of  the  veins.  Further,  the 
former  rise  is  accompanied  by  no  change  in  the  venous  pressure,  the  lat- 
ter is  accompanied  by  an  increase  in  the  venous  pressure.  For  these 
reasons  it  is  perfectly  clear  that  the  rises  in  the  two  cases  must  be  due 
to  fundamentally  different  causes.  Since  in  the  first  experiment,  where 
we  know  there  was  an  increase  in  the  fluid  6  minutes  were  required  for 
readjustment,  while  the  last  experiment  where  the  pressure  rose  to  the 
same  degree  required  only  1 1  seconds  for  readjustment,  where  new  forma- 
tion was  assumed  but  not  proved,  we  beheve  that  we  are  jiutified  in 
stating  that  hgation  of  the  jugulars  does  not  cause  "increased  produc- 
tion of  fluid,"  nor  so  far  as  our  experiments  are  concerned  is  there  any 
evidence  whatever  that  there  is  delayed  absorption  of  fluid.  If  any 
increase  in  the  fluid  in  the  canal  resulted  from  the  lotion  of  the  vcans, 
a  longer  period  than  11  seconds  would  be  required  for  readjustment 
after  the  release  of  the  veins,  for  a  longer  period  is  required  where  the 
fluid  is  introduced  by  means  of  a  hypodermic.  This  rapid  readjust- 
ment can  be  seen  graphically  recorded  in  figure  3. 

The  third  explanation  that  the  rise  in  pressure  is  simultaneous  but 
independent  is  possible  but  improbable  in  the  highest  d^^ree. 
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Table  7  establifibes  the  following  facts:  The  ligation  of  the  jugulars — 
taking  an  average  of  eighteen  experiments — ^raises  the  venous  pressure 
139.6  mm.,  the  fluid  pressure  86.5  mm.  Releasing  the  jugulars  lowers 
the  venous  pressure  124.0  mm.,  the  fluid  pressure  S6.7  mm.  The 
changes  in  the  venous  and  fluid  pressures  aie  synchronous  both  in  a 
positive  and  a  negative  direction.  As  will  be  noted,  both  pressures 
returned  approximately  to  the  starting  point  immediately  after  the 
veins  were  released,  a  point  of  theoretical  importance. 

The  conclusions  we  draw  are  the  following:  Raising  the  venous  pres- 
sure raises  the  fluid  pressure,  lowering  the  venous  pressure  lowers  the 
fluid  pressure.  The  changes  are  not  equal,  but  are  more  nearly  equal 
in  our  expeiiments  than  in  those  reported  by  our  predecessors,  and  we 
believe  they  would  be  almost  exactly  equal  if  a  perfect  method  for 
measuring  were  devised,  one  by  which  the  measurement  is  taken  with- 
out withdrawing  fluid  from,  or  adding  fluid  to  the  canal.  The  measure- 
ment of  venous  pressure  is  absolutely  necessary  in  order  to  rule  out 
mechanical  changes  due  to  changes  in  venous  pressure. 

4-  The  infiuence  on  the  venous  pressure  of  altering  the  cerebrospinal  fluid 
pressure 

In  the  last  section  it  was  shown  that  raising  the  venous  pressure  in- 
creases the  fluid  pressure,  and  lowering  the  venous  pressure  lowers  the 
fluid  pressure.  Let  us  now  consider  what  influence  raising  or  lowerii^ 
the  fluid  pressure  has  on  the  venous  pressure.  Our  results  are  shown'  in 
tftble  8,  and  typical  graphs  in  figures  6  and  7. 

Fronx  the  table  and  the  figure  it  is  evident  that  inereamng  the  eere~ 
hroapinai  fluid  pressure  does  not  increase  the  venous  pressure,  so  long  as 
the  rise  in  the  fluid  pressure  does  not  produce  a  rise  in  the  arterial 
pressure.  If  the  rise  in  the  fluid  pressure  is  sufficient  to  produce  a  rise 
in  the  arterial  pressure,  then  the  venous  pressure  may  rise  with  it,  as  in 
figure  .6,  but  such  is  not  always  the  case.  (See  fig.  7).  These  results 
are  exactly  contrary  to  those  reported  by  Dixon  and  Halliburton.  In 
flgure'9  (p.  139)  these  authors  show  a  marked  rise  in  venous  pressure  on 
raising  the  fluid  pressure  by  100  mm.  of  saline.  That  these  authors  dp 
not  find  such  a  rise  in  venous  pressure  consistently  is  evident  from  their 
own  tracii^:  Compare  figure  9  (p.  139)  with  figure  15  (p.  147).  In  the 
latter  experiment  the  rise  in  the  fluid  pressure  was  from  60  to  160  mm. 
— exactly  100  mm.  rise — as  in  the  other  experiment,  but  the  rise  here 
was  accompanied  in  the  early  period  by  no  effect  on  the  venous  pres- 
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Fig.  6.  This  figure  ehows  the  effect  on  torculsr  venous  and  arterial  pressures 
of  raising  the  cerebrospinal  pressure  by  263  mm.  of  Bodium  chloride  solution 
(fro6i  61  to  324) .  Note  that  the  arterial  pressure  rose  slightly,  and  venous  pressure 
rose  slightly  (l3  mm.),  as  is  to  be  expected  under  the  slight  rise  in  the  arterial 
pressure. 


Fig.  7.  This  figure  shows  the  results  upon  arterial  and  torcular  venous  pres- 
sure of  increasing  the  fluid  pressure.  The  pressure  of  the  fluid  is  recorded  graphi- 
cally in  millimeters  of  mercury.  It  is  to  be  noted  that  at  no  time  was  the 
cerebral  venous  pressure  increased.  Note  also  that  as  the  fluid  pressure 
approaches  that  of  the  artery,  the  cardiac  oscillations  become  more  marked 
upon  the  curve  traced  by  the  fluid  manometer. 
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flure,  other  than  one  synchronous  with,  and  in  the  direclion  to  be  ex- 
pected from  a  change  in  the  arterial  pressure.  If  their  observations 
regarding  the  influence  of  the  fluid  pressure  upon  the  venous  pressure 
were  correct  the  venous  pressure  should  have  risen  markedly  early  in 
the  experiment  at  the  time  the  fluid  pressure  rose,  but  venous  pressure 
tUd  not  rise.  The  same  criticism  holds  to  a  less  degree  for  the  experi- 
ment shown  in  figure  14  (p.  146).  The  fact  that  the  rise  in  the  fluid 
pressure  was  produced  by  different  means  in  the  different  experiments 
does  not  alter  the  results,  to  be  expected  from  such  a  rise  in  the  fluid 
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;,  for  in  our  opinion  the  rise  cannot  be  due  to  anything  other 
than  a  mechanical  chaise,  and  even  if  the  fluid  were  increased,  if  their 
conclusions  are  correct  increased  fluid  pressure  must  raise  the  venous 
pressure  at  the  same  time. 

In  tiie  experiment  cited  in  table  9  it  is  to  be  noticed  that  no  rise  such 
as  they  report  as  the  usual  result  ever  appeared.  This  is  true  whether 
the  pressure  be  apphed  at  the  fourth  ventricle  through  a  second  needle 
inserted  near  the  trocar  through  which  the  fluid  pressure  is  measured, 
or  in  the  parietal  region  through  a  tube  screwed  into  the  skull,  after 
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trephinii^  and  incising  the  dura.  In  no  case  did  the  venous  pressure 
change  to  any  degree  under  the  influence  of  moderate  increase  in  fluid, 
unless  there  was  a  synchronous  and  parallel  change  in  the  arterial  pres- 
sure in  amount  sufficient  and  in  direction  correct  to  account  for  the 
venous  pressure  change.  Further,  it  was  noted  in  experiments  per- 
formed for  another  phase  of  the  problem  that  injections  made  into  the 
third  ventricle  by  transcallosal  pimcture  raised  the  fluid,  but  not  the 
venous  pre.osure.  We  noted  the  increase  in  the  venous  pressure  on  in- 
creasing the  fluid  pressure  in  one  animal  only,  and  in  that  animal  a 
post-mortem  examination  revealed  a  communication  between  the  sinus 
at  the  torcula  and  the  subarachnoid  space,  with  blood  in  the  fluid.  In 
this  case  injection  cither  in  the  parietal  region  or  into  the  fourth  v^- 
tricle  increased  the  pressure  in  the  vein.  From  these  facts  we  are  forced 
to  the  conclusion  that  figure  9  shown  in  Dixon  and  Halliburton's  work 
may  have  been  made  upon  an  animal  with  such  a  communication  be- 
tween the  sinus  and  the  subarachnoid  space.  In  our  nineteen  experi- 
ments made  on  six  dogs,  where  no  communication  existed  increaatTig  the 
cerebroapiTial  fluid  pressure  DID  NOT  increase  the  venous  pressure  in  the 
sinus.  In  four  experiments  on  one  animal,  where  such  a  communica- 
tion existed,  raising  the  fluid  pressure  raised  the  venous  pressure,  but 
not  to  the  same  degree  as  the  flmd  pressure.  This  is  proof  for  the  state- 
ment made  earlier  in  the  paper,  that  the  fact  that  the  venous  uid  fluid 
pressures  were  not  the  same  is  no  proof  that  no  communication  between 
the  sinus  and  subarachnoid  exists. 

A  careful  consideration  of  the  structures  within  the  skull  and  of  their 
arrangement  would  warrant  the  above  findings.  The  pressure  of  the 
venous  blood  lyit^  within  the  flexible  sinuses  must  of  necessity  exert 
much  influence  upon  the  fluid,  if  the  latter  surrounds  the  sinuses  in 
normal  amounts.  On  the  other  hand  the  fluid  cannot  exert  much  influ- 
ence upon  the  venous  pressure,  for  as  soon  as  the  pressure  in  the  sub- 
arachnoid space  increases  appreciably  above  that  in  the  venous  sinuses, 
the  latter  will  collapse,  forcing  the  blood  onward  toward  the  heart. 
Any  further  increase  in  the  pressure  will  then  be  exerted  upon  the 
skull,  not  upon  the  venous  blood  in  the  sinuses. 

The  use  of  higher  pressures  always  results  in  alteration  of  the  arterial 
pressure  and  a  change  in  the  venous  pressure,  sometimes  raising,  some- 
times lowerii^  it. 

Lowering  the  fluid  pressure  by  drainage  does  not  affect  the  venous 
pressure.  If  lowering  the  fluid  pressure  lowers  the  venous  pressure, 
and  a  normal  venous  pressure  is  necessary  for  the  normal  formation  of 
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the  Suid,  then  none  of  the  experimeato  reported  by  Dixon  and  Halli- 
burton in  their  first  paper  can  be  correct,  for  they  used  the  outflow 
method  for  estimating  the  influence  of  extracts  of  the  choroid  and 
other  Bubstancea  upon  the  fluid,  a  method  which  reduced  the  fluid 
pressure,  and  if  they  are  correct  must  have  reduced  the  venous  pres- 
sure. The  same  criticism  holds  for  all  experiments  in  which  the  out- 
flow method  was  employed.  However,  reducii^  the  fluid  pressure  does 
not  reduce  the  venous  pressure  in  the  torcula. 

The  conclusions  we  have  reached  are  the  following:  Raising  the  fluid 
pressure  by  moderate  amounts  (100  to  200  mm.  of  NaCl  solutions 
sp.  gr.  1088)  doe»  not  affect  the  venous  pressure  unless  the  arterial  pres- 
sure is  affected.  Lowering  the  fluid  pressure  does  not  affect  the  ve- 
nous pressure.  The  conclusions  of  Dixon  and  HaUiburton  are  not  in 
keeping  with  our  results,  and  may  have  been  based  on  observations  on 
an  animal  with  a  communication  between  the  sinus  and  the  subarach- 
noid space.  As  shown  in  table  9,  in  nineteen  experiments  on  six  ani- 
mals in  which  no  such  communication  existed  as  proved  by  the  post 
mortem,  raising  the  pressure  moderately  produced  no  rise  in  the  venous 
pressure.  In  four  experiments  where  such  a  rise  was  seen,  a  communi- 
cation between  the  sinus  and  the  subarachnoid  space  was  found  at 
autopsy.  We  are  dealing  here  with  a  question  of  fact,  and  confirma- 
tory evidence  from  other  workers  is  needed.  However,  we  are  sure 
that  evidence  in  support  of  our  own  results  will  be  forthcoming. 

In  figure  7  we  show  an  experiment  where  higher  pressures  were  tised. 
The  pressures  in  this  case  are  recorded  in  millimeters  of  mercury  and 
the  venous  pressure  fell.  This  gives  purely  objective  proof  that  Dixon 
and  HaUiburton  (p.  139),  are  wrong  in  their  conclusion  that  "Such  a 
rise  (in  C.  S.  pressure)  always  produces  a  passive  increase  in  cerebral 
venous  pressure."  This  experiment  gives  the  facts  for  low  as  well  as 
h^h  pressures.  This  same  tracing  gives  the  proof  also  that  Frazier 
and  Feet  (p.  272)  are  incorrect,  at  least  so  far  as  cardiac  oscillations 
are  concerned,  in  their  statement:  "Sufficient  intracranial  pressure 
can  easily  be  made  to  arrest  these  respiratory  and  cardiac  oscillatiooa. 
.  .  .  .  When  a  column  of  water  was  introduced  under  pressure 
only  idightly  in  excess  of  the  venous  pressure  the  oscillations  were 
arrested."  That  Frazier  and  Peet  are  not  correct  is  brought  out 
clearly  in  our  graph.  The  oscillations  in  the  mercury  manometer 
become  more  nearly  equal  to  those  of  the  blood  pressure  manometer, 
the  nearer  the  pressure  in  the  subdural  space  approaches  the  intnt- 
vasGuIar  diastolic  arterial  pressure.     This  is  exactly  what  is  to  be 
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expected,  for  the  skull,  brain  and  the  intracranial  blood  vessels  repro- 
duce ahnost  exactly  the  conditionB  obtaining  in  the  arm  band  of  the 
blood  pressure  machine  when  the  diastolic  blood  pressure  is  being 
measured.  The  undilatable  cranium  represents  the  arm  band,  the 
brain  the  muscles  of  the  aim,  and  the  layer  of  blood  vessels  the  pul- 
satile brachial  arteiy.  If  the  oscillations  in  the  air  of  the  expanded 
arm  band  increase  the  more  nearly  the  pressure  in  the  band  approaches 
that  of  the  blood  vessel,  then  the  oscillations  of  the  fluid  must  increase 
the  more  nearly  the  pressure  equals  that  of  the  diastole  in  the  pulsatii^ 


Since  venous  pressure  can  be  shown  to  affect  the  fiuid  pressure 
directly,  and  since  the  fluid  pressure  can  be  shown  not  to  affect  the 
venous  pressure  directly,  it  follows  that  alt  other  factors  remaining 
constant,  e.g.,  the  arterial  pressure,  secretory  pressure,  etc.,  then 
if  both  venous  and  fluid  pressures  rise  at  the  same  time,  then  the 
rise  in  the  venous  pressure  caused  the  rise  in  the  fluid  pressure, 
and  not  the  rise  in  the  fluid  pressure  the  rise  in  the  venous  pressure, 
it  is  theoretically  possible,  then,  if  secretagogues  for  the  fluid  exist, 
to  increase  the  volume  of  the  fluid  in  the  canal  by  the  action  of  the 
substance  of  the  secreting  cells  to  such  a  degree  as  to  produce  a  rise 
in  the  fiuid  pressure  independent  of  a  rise  in  the  arterial  and  venous 
pressures,  a  change  which  would  be  impossible  if  Dixon  and  Halli- 
burton were  correct,  for  as  the  fluid  pressure  rose  it  would  force  the 
venous  pressure  to  rise  with  it.  Further  comment  on  this  phase  will 
follow  later  under  the  action  of  drugs. 

6.  The  effects  of  altering  both  arterial  and  penous  pressures  in  the  same 
direction 

Having  studied  the  effects  of  alterations  in  venous  and  fluid  pressures 
with  little  change  in  the  arterial  pressure,  it  becomes  necessary  to  study 
the  effects  on  the  fluid  pressure  of  alteration  in  the  arterial  and  venous 
pressures  when  these  vary  in  the  same  direction.  We  will  study 
first  the  effect  of  reducing  these  pressures. 

Literature:  On  this  point  we  find  only  the  work  of  Dixon  and  Halli- 
burton (12)  who  sununarize  (p.  142}  their  observations  as  follows: 
"If  the  arterial  and  venous  pressures  are  lowered,  as  for  example  by 
bleeding,  the  drop  in  C.  S.  pressure  is  relatively  small." 

Experimental:  a.  Hemorrhage  and  transfusion.  We  carefully  repeated 
these  experiments  with  the  modification  that  the  blood  was  drawn 
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from  the  femoral  artery  into  a  large  pipette  and  re-injected  into  the 
femoral  vein  before  xoagulation  could  occur.  Table  9  shows  the 
results  of  twelve  such  experimenta,  Ab  may  be  seen  from  the  averages, 
all  three  pressures  fall  on  the  withdrawal  and  rise  after  the  restoration 
of  blood.  As  may  be  seen  from  figure  8,  the  fall  in  all  the  pressures  ia 
synchronous,  as  is  also  the  rise.  The  readjustments  are  good:  all  the 
pressures  remain  on  the  average  a  little  higher  than  they  were  orig- 
inally. There  is  every  reason  for  believing  the  change  here  to  be  of 
a  purely  mechanical  nature,  for  there  is  no  apparent  reason  for  thinking 
them  to  be  anything  else.  By  no  conceivable  way  can  we  see  how 
hemorrhage  and  transfusion  could  have  any  but  a  purely  mechanical 
effect  by  way  of  the  vascitlar  system.    As  will  be  seen  from  our  experi- 


Fig.  8.  This  figure  shtnra  the  effect  of  the  vithdr&wal  of  200  cc.  of  blood  from 
the  femoral  artery,  aad  its  reinjection  into  the  femoral  vein. 

moots,  the  average  fall  in  torcular  venous  pressure  was  52.7  mm.,  in 
fluid  43.3  mm.,  showing  the  fluid  pressure  fall  to  be  80  per  cent  of  the 
fall  in  the  venous  pressure.  This  is  much  greater  proportionally  than 
the  amount  of  fall  noted  by  Dixon  and  Halliburton,  who  in  a  single 
experiment  recorded  show  a  fall  in  the  fluid  of  exactly  10  per  cent  of 
the  fall  in  the  venous  pressure.  In  the  graph  they  show  (p.  133)  the 
venous  pressure  fell  from  380  to  230,  a  fall  of  150  mm.  of  10  per  cent 
citrate;  the  fluid  pressure  fell  from  160  to  135,  a  fall  of  15  mm.  10  per 
cent  citrate.  The  explanation  of  the  marked  fall  in  our  experiments 
as  compared  with  those  in  the  experiments  of  Dixon  and  Halliburton 
is  found,  of  course,  in  the  discussion  of  the  influence  of  manometers  of 
various  sizes.     There  we  found  that  with  a  wide  manometer  tube, 
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with  a  falling  venous  pressure,  the  fluid  pressure  would  always  remain 
bi^er  than  would  be  the  case  in  the  intact  animal  from  overfilling 
the  canal  by  the  excessive  amount  of  fluid  in  the  manometer. 

The  authors  named  did  not  perform  the  reverse  of  this  experiment; 
viz.,  the  re-injection  of  the  blood.  As  can  be  seen  from  table  9,  re-in- 
jection of  the  blood  raises  all  three  pressures  well  up  toward  the  original 
levels.  Arterial  pressure  rises  from  88.6  to  1^.6 ;  venous  prrasure  rises 
from  101.0  to  139.5;  and  fluid  pressure  rises  from  32.9  to  76.1.  In 
this  case  in  the  average  of  twelve  experiments  the  fluid  rise  is  110  per 
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cent  of  the  rise  in  venous  pressure.  This  excessive  rise  is  due  undoubt- 
edly to  the  pihng  up  of  fluid  in  the  medullary  region.  It  is  evident 
that  lowering  venous  tuid  arterial  pressure  is  accompanied  by  a  pro- 
portional fall  in  the  fluid  pressure. 

b.  Ligation  of  the  vesaelt  to  the  head.  Another  easy  way  of  producing 
decreased  arterial  pressure  in  the  skull  without  much  effect  upon  the 
general  arterial  pressure  is  to  hgate  the  arteries  forming  the  circle  of 
Willis.  As  has  been  shown  by  Hill,  ligation  of  the  vertebrals  and  the 
carotids  is  not  followed  in  the  dog  by  an  anemia  sufficient  to  produce 
death,  because  of  the  anastomosis  of  the  arteries  of  the  trunk  with 
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thoee  of  the  spina!  cord.  Thus  sufficient  b]ood  supply  to  the  brain  is 
afforded  to  support  life.  Experiments  on  this  point  are  shown  in  table 
10  and  in  figure  9. 

As  may  be  seen  by  the  study  of  these  reports,  ligation  of  one  or  more 
of  the  three  remaining  arteries  entering  the  circle  of  Willis  (the  left 
carotid  being  used  for  the  blood  pressure)  is  accompanied  by  a  fall 
in  the  arterial,  venous  and  cerebrospinal  fluid  pressures  in  the  head, 
and  a  rise  in  the  general  arterial  pressure. 


Fig.  9.  This  figure  showB  the  eSect  on  all  the  pressures  of  ligation  of  th« 
trteriea  entering  the  circle  of  Willis. 

In  the  manometer  experiments  ligation  of  the  remaining  carotid 
(right)  produces  an  average  fall  of  venous  pressure  of  41.7  mm.  of 
sodium  carbonate  (1088),  an  average  fall  of  fluid  pressure  of  31  mm. 
NaCl  (1088),  and  an  average  fall  of  8  mm.  of  mercury  in  the  general 
arterial  pressure.  Ligation  of  the  remaining  carotid  and  both  verte- 
brals  resulted  in  an  average  fall  in  venous  pressure  of  42.0  mm.,  an 
average  fall  in  fluid  pressure  amounting  to  46.8  mm.,  a  rise  in  general 
arterial  pressure  of  3.S  mm.  of  mercury,  and  a  fall  in  the  intracranial 
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arterial  pressure  of  53.0  mm.  of  mercury.  Release  of  the  carotid  artery 
produced  an  average  rise  of  42  mm.  in  the  venous  pressure,  of  38.5  mm. 
in  the  fluid  pressure,  and  of  12  mm.  Hg.  in  arterial  pressure.  Release 
of  the  carotid  and  vertebrals  caused  a  rise  of  47.5  mm.  in  the  venous 
pressure,  of  49.4  mm.  in  the  fluid  pressure,  and  a  fall  of  1.8  mm.  in 
arterial  pressure.  These  experiments  clearly  establish  the  fact  that 
decreasing  the  arterial  pressure  to.  the  brain  decreases  both  venous  and 
fluid  pressures  in  the  skull.  Raising  the  arterial  pressure  raises  the 
venous  and  fluid  pressures  in  the  skull.  There  is  absolutely  no  reasqn 
for  believing  that  the  effects  of  the  brief  ligations  are  anyttuBg  other 
than  the  effects  of  alterations  in  the  arterial  and  venous  pressures  in 
the  skull,  reflected  upon  the  fluid  pressure.  Experiments  of  this  type 
do  not  give  siny  evidence  regarding  new  formation  of  the  fluid  although 
other  writers  have  drawn  different  conclusions.  A  comparison  of  tHe 
pressure  before  and  after  ligation  of  the  arteries  shows  an  almost  per- 
fect readjustment  to  the  original  levels,  a  fact  that  speaks  for  mechanical 
alterations  and  readjustments.  Only  a  few  experiments  of  long  dura- 
tion were  carried  out.  We  have  one  in  which  the  ligation  of  the  carotid 
and  vertebrals  was  maintained  for  63  minutes.  Pressure  in  the  vein 
and  fluid  as  well  as  in  the  circl^  of  Willis  remained  low  during  the 
occlusion,  and  the  general  arterial  pressure  fell.  On  release  the  pres- 
sures all  reached  their  original  levels,  except  for  the  general  arterial 
pressure,  which  remained  low.  We  conclude,  then,  that  ligation  of 
the  cerebral  vessels  produces  only  passive  changes  in  the  skull,  char- 
acterized by  a  fall  in  the  arterial,  venous  and  fluid  pressures  in  the 
cranial  cavity,  with  an  almost  perfect  readjustment  when  the  vessels 
are  released.  This  gives  no  evidence  regarding  the  formation  of  the 
fluid,  and  does  not  give  conclusive  evidence  that  arterial  pressure 
influences  fluid  pressure  directly,  for  venous  pressure  fell  simultaneously 
with  the  fall  in  arterial  pressure. 

c.  Ligation  of  the  various  trunk  arteriea.  We  studied  the  effects  of 
ligation  of  various  arteries  of  the  trunk  on  the  fluid  pressure,  in  an 
attempt  to  raise  the  blood  pressure  in  the  cranium  above  the  normal 
by  mechanical  means;  In  both  sets  of  experiments  just  cited,  we  are 
dealing  with  pressure  falling  below  and  then  rising  to  the  normal.  As 
is  so  often  the  case  in  experiments  of  this  kind,  arterial  pressure  did 
not  rise  to  any  marked  degree  and  hence  the  changes  in  other  pressures 
are  small.  (See  table  11,  which  shows  the  results  of  five  such  ligations. 
See  also  fig.  10). 
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As  is  apparent  from  the  data  in  table  12,  occlusion  of  the  aorta  or 
of  the  aorta  and  subclavians  produces  a  slight  rise  in  the  arterial  pres- 
sure accompanied  by  a  sl^ht  rise  in  the  venous  and  the  fluid  pressures. 
Release  of  these  arteries  produces  a  return  of  the  pressures  to  almost 
exactly  the  original  levels.  These  changes  are  purely  mechanical: 
there  is  absolutely  no  reason  for  assuming  either  an  increase  or  a  decrease 
in  fluid  formation  in  such  manipulation,  the  readjustments  are  almost 
perfect,  and  the  changes  are  synchronous  with  and  in  the  direction  to 
be  expected  from  the  direction  of  the  change  in  arterial  pi^sure. 

d.  Adrenalin.  A  much  more  efEective  way  of  producing  a  rise  in  the 
arterial  and  venous  pressure  in  the  skull  is  the  intravenous  injection 

TABLE  11 
Effect  of  ligation  and  releate  of  braiicheg  of  the  arlerial  tree 
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of  adrenalin.  This  is  especially  true  if  the  animi^  has  been  vagoto- 
mized  or  atropinized  before  the  adrenalin  is  injected.  When  the  blood 
pressure  is  raised  by  adrenalin  there  comes  a  sjoichronous  rise  in  both 
venous  and  cerebrospinal  fluid  pressures.  These  rises  in  pressure, 
particularly  that  in  the  torcula,  are  so  absolutely  synchronous  with 
the  change  in  arterial  pressure,  that  the  conclusion  that  the  rise  in 
arterial  pressure  is  the  cause  of  the  rise  in  the  other  pressures  is  inevi- 
table. There  is,  as  has  already  been  stated,  a  tendency  for  the  fluid 
pressure  change  to  lag  behind  the  arterial  and  venous  change,  so  there 
comes  a  time,  immediately  after  the  end  of  the  arterial  and  venous  rise, 
when  the  arterial  and  venous  pressures  are  stationary  or  falling  at  a 
time  when  the  fluid  pressure  is  still  rising.    This  fact  may  seem  to  be 
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bard  to  correlate  with  the  statement  made  above  that  the  arterial  and 
venous  rise  is  the  cause  of  the  fluid  pressure  rise.  Matters  become 
clear,  however,  when  the  various  straits  in  the  fluid  pathway  are  con- 
sidered. The  resistance  offered  by  these  straits  slows  the  adjustment 
of  the  fluid  to  such  a  degree  that  the  fluid  pressure  never  records  its 
true  maximum  for  two  reasons:  first,  the  pressure  recorded  is  the 
true  fluid  pressure  minus  the  ajQount  lost  by  the  fall  in  arterial  and 
venous  pressures;  second,  to  this  error  must  be  added  the  error  of 
pressure  lost  due  to  the  draining  of  a  certain  amount  of  fluid  from 


Fig.  iO.  This  figure  abowa  the  effect  on  arterial,  venouB  and  fiuid  pressure  of 
temporary  ligation  of  the  aorta  and  subclavians. 

the  canal  into  the  manometer.  The  amount  of  this  second  error  is 
modified  by  the  bore  of  the  manometer  tube;  it  is  large  with  a  tube  of 
wide  bore  and  small  with  a  tube  of  narrow  bore.  These  two  errors 
are  always  present  and  modify  results  to  a  considerable  degree.  Thus 
we  are  certain  that  if  true  fluid  pressures  were  secured  the  pressure  in 
the  canal  is  considerably  larger  than  those  we  record  in  our  tables. 
In  table  12  we  record  the  results  from  eleven  experiments.  Many  more 
were  performed,  but  these  show  conclusively  the  results  secured  on 
this  phase  of  the  subject.    (See  fig.  11). 
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It  may  be  assumed  that  the  rise  and  fall  in  venoua  and  fluid  pressure 
may  be  due  to  something  other  than  the  rise  and  fall  in  arterial  pressure. 
For  example,  if  the  fluid  should  accumulate  rapidly  in  the  animal  with 
the  cranium  intact  as  Spina  observed  in  the  animal  with  the  ealvarium 
removed — the  rise  in  fluid  pressure  m^ht  be  due  to  increased  transuda- 
tion. Then,  if  Dixon  and  HaUiburton  ore  correct  in  their  contention 
that  raising  the  fluid  pressure  raises  the  venous  pressure,  this  increase 
in  fluid  pressure  would  produce  an  increase  in  venous  pressure,  which 
would  persist  until  the  fluid  was  absorbed — a  process  taking  place, 
according  to  all  modem  workers,  along  the  venous  channels.  Ligation 
of  the  jugulars  must  then  produce  ideal  condition  for  transudation  for 
it  would  increase  capillary  pressiu^  and  this  would  be  markedly  aug- 
mented by  the  action  of  adrenalin  forcing  the  arterial  pressure  to  a  high 
level.  The  fluid  then  being  formed  could  not  be  absorbed  because  of 
the  failure  of  outflow  of  blood  through  the  jugulars;  and  thus  if  Dixon 
and  HaUiburton  are  correct  in  their  contention,  the  fall  of  fluid  and 
venous  pressure  would  of  necessity  be  delayed  in  the  case  where  the 
jugular  is  Ugated.  (Seeflg.  12).  Comparison  ofthe  two  figures,  11  and 
12,  shows  that  allowing  for  difference  in  the  arterial  curves,  the  return 
to  normal  is  as  rapid  in  the  case  where  the  jugular  is  ligated  as  in  the 
case  with  the  jugular  open. 

From  the  data  shown  in  table  12  it  is  evident  that  a  rise  in  arterial 
pressure  caused  by  adrenalin  is  accompanied  by  an  enormous  rise  in  the 
venous  and  fluid  pressures  inside  the  skull.  This  venous  pressure  rise 
is  absolutely  synchronous  with  the  arterial  rise,  the  fluid  rise  lags 
slightly  behind  arterial  and  venous  rise',  due  undoubtedly  to  the  slowing 
of  the  adjustment  between  pressures  inside  and  outside  the  skull,  by 
straits  in  the  system,  particularly  at  the  needle  and  at  the  aqueduct 
of  Sylvius.  There  is  no  doubt  in  the  mind  of  the  writer  that  the  venous 
rise  is  the  result  of  the  rise  in  arterial  pressure,  produced  by  the  high 
arterial  pressure  exert«d  directly  upon  the  intracranial  structiu%8, 
forcing  the  blood  through  the  capillaries  of  the  brain,  thus  raising  the 
torcular  pressure.  Since  the  animal  has  been  atropinized,  there  is 
no  cardio-inhibition.  The  fluid  rise  is  60  per  cent  of  the  venous  rise.  - 
We  know  from  experiments  cited  earher  that  a  rise  in  venous  pressure 
produces  a  rise  in  the  fluid  pressure,  and  that  a  rise  in  fluid  pressure 
by  itself  produces  no  change  in  venous  pressure,  therefore  it  seems 
most  probable  that  the  rise  in  venous  pressure  is  the  cause  of  at  least 
part  of  the  rise  in  the  fluid  pressure.  What  has  just  been  said  regard- 
ing the  rise  in  pressures  applies  equally  well  to  the  fall  in  the  various 
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prMHures,  and  it  is  thus  obvious  that  a  rise  in  the  arterial  and  venous 
pressures  produces  a  rise  in  fiuid  pressure,  a  fall  in  these  prepares 
produces  a  fall  in  the  fluid  pressure. 

The  rise  and  fall  in  arterial  pressure  adequately  explains  all  the 
changes  in  venous  and  fluid  pressures  because  the  rise  and  fall  in  all 
pressures  are  synchronous  if  we  allow  time  for  the  venous  and  fluid 
pressures  to  adjust  themselves  in  their  complicated  systems.  There 
is  evidence  against  rapid  new  formation  and  absorption  of  fluid  with  a 
synchronous  rise  in  venous  pressure  due  to  increased  fluid  pressure 
under  the  influence  of  adrenalin.  For  while  new  formation  might 
explain  the  rapid  rise,  and  reabsorption  the  rapid  fall,  the  latter  assump- 
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294.5 

124.3 

73.8 
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tion  is  disproved  by  the  fact  that  the  readjustment  is  not  delayed 
by  lotion  of  the  jugulars,  nor  is  the  curve  following  the  administration 
of  adrenalin  materially  changed  by  such  a  ligation. 

We  therefore  conclude  that  the  administration  of  adrenalin  produces 
purely  passive  changes  in  the  arterial,  venous  and  fluid  pressures, 
although  rapid  outflow  of  fluid  follows  such  an  injection  if  the  outflow 
method  of  study  is  employed.  (See  fig.  13).  Most  recent  writers 
hold  this  view  regarding  the  effect  of  adrenalin  on  fluid  formation, 
our  only  contribution  is  additional  proof. 

e.  Effect  of  Toising  arterial  pressure,  with  the  venous  pressure  remaining 
amsiant.    Having  shown  the  effect  on  fluid  pressure  of  raising  arterial 
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pressure  under  conditions  where  there  was  a  simultaneous  rise  in  venous 
pressure,  it  is  now  necessary  to  show  the  effect  on  the  fluid  pressure 
of  raising  the  arterial  pressure  independent  of  a  rise  in  the  venous 
preesure.  Accepting  the  view  that  the  only  effect  that  adrenalin  has 
on  the  fluid  is  a  mechanical  one — a  point  which  we  believe  to  be  proved 
satisfactorily — we  injected  this  drug  intravenously  to  raise  the  arterial 
pressure.  In  order  to  maintain  the  venous  pressure  constant,  the  res- 
ervoir cannula  in  the  torcula  was  attached  on  one  hand  to  the  manom- 


Fig.  13.  This  figure  ehows  th&t  if  the  outflow  method  ie  employed,  the  injec' 
tion  or  adrenalin  ie  followed  by  a  marked  rise  in  the  torcular  venoue  pressure, 
V,  as  well  as  in  the  arterial  pressure,  and  a  marked  outflow  of  fluid.  The  out- 
fiow  decreases  on  repeated  injections. 

eter,  on  the  other  to  a  short  wide  glass  tube  fastened  in  an  upright 
position,  and  so  adjusted  that  when  the  tube  was  full  it  exactly  bal- 
anced the  pressure  in  the  sinus.  Then  when  the  venous  pressure  began 
to  rise  with  the  beginnii^  of  the  adrenalin  action,  blood  was  forced 
over  the  end  of  the  tube.  In  this  way  venous  pressure  was  limited 
to  that  observed  in  the  sinus  at  the  beginning  of  the  experiment.  Some 
blood  was  lost  by  the  animal  during  the  experiment,  but  not  enou^ 
materially  to  lower  the  blood  pressure  in  the  animal  after  the  action 
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of  the  drug  had  ceased.    Results  from  these  experimentB  and  a  graph 
of  one  is  seen  in  table  13  and  in  figure  14. 

The  results  of  the  experiments  recorded  above,  experiments  carried 
out  in  four  animals,  show  conclusively  that  if  the  venous  pressure  is 
maintained  practically  constant  in  the  head  by  permitting  the  blood 
to  escape  from  the  sinus,  and  the  arterial  pressure  is  raised  by  the  use 
of  adrenaUn,  then  the  fluid  pressure  risea  to  almost  the  same  degree 
as  in  the  lisual  experiment,  where  the  venous  pressure  rises  with  the 
arterial.    From  these  experiments  we  conclude  that  arterial  pressure, 
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if  high,  can  and  does  influence  the  fluid  pressure  directly.  A  rise  in 
the  arterial  pressure  can  produce  a  rise  in  the  fluid  pressure  independent 
of  a  rise  in  the  venous  pressure.  We  would  be  more  certain  regarding 
these  results  if  it  were  possible  for  us  to  take  the  venous  pressure  at 
some  other  point  besides  the  point  at  which  the  fluid  makes  its  escape, 
but  to  devise  such  a  method  seemed  out  of  the  question  in  the  animalB 
we  were  woridng  with.  An  animal  much  lai^r  than  a  dog  would  have 
to  be  employed.  One  observation  made  in  some  of  these  experiments 
is  interesting:  during  the  early  pressor  phase  of  adrenalin  action  the 
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Fig.  14.  This  figure  ahowB  the  marked  Himilarity  in  the  arterial  and  fluid 
curves  no  m&tter  whether  the  sinus  wu  open  or  closed.  In  A,  the  sinus  WM 
open  and  the  fluid  pressure  rose  from  101  to  279,  the  venous  pressure  remaining 
low  on  the  injection  of  adrenalin.  In  B,  the  sinus  was  dosed,  the  fluid  pressure 
rose  from  lOS  to  291,  the  venous  rising  from  135  to  406.  For  some  reason  tin 
fluid  pressure  did  not  fall  in  A  when  the  sinus  was  opened,  as  is  usually  the  case 
(8«fig.5). 
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sinus  bleeds  freely,  a  considerable  amount  of  blood  flowing  out  over 
the  end  of  the  tube.  Later,  but  before  the  pressure  in  the  artery  has 
reached  its  height,  this  outflow  ceases.  It  is  therefore  evident  that 
the  source  of  blood  for  the  sinus  is  cut  off  at  the  highest  point  in  the 
blood  pressure  curve,  probably  by  the  obliteration  of  the  capillaries 
by  the  high  intracranial  pressure.  These  experiments  are  contrary 
to  the  results  reported  by  Howell.     (See  fig.  15,  which  proves  that 


Fig,  15.  This  figure  showa  that  in  some  instances  the  circle  of  Willis,  W,  is 
occluded  during  the  action  of  adrenalin.  This  phenomenon  was  not  frequently 
observed,  in  only  about  2  per  cent  of  cases. 

parts  of  the  circle  of  Willis  are  occluded  during  the  height  of  the  blood 
pressure  rise  with  adrenalin). 

From  our  experiments  on  the  effects  of  venous  pressure  and  of  arterial 
pressure  upon  the  fluid  pressure  it  is  evident  that  the  pressure  in  the 
fluid  is  the  result  of  the  combined  influence  of  at  least  two  pressures — 
■venous  and  arterial.  Of  these  two  the  venous  millimeter  per  millimeter 
ia  of  much  the  greater  importance,  but  under  certain  conditions  the 
pressure  of  the  fluid  must  be  augmented  by  the  arterial  pressure.     Under 
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these  conditions  the  cerebrospinal  fluid  presBure  is  higher  than  the 
venous  pressure  in  the  torcula. 

6.  The  influence  of  the  peripheral  vagus.  The  stimulation  of  the 
peripheral  end  of  the  vagus  because  of  the  profound  effect  it  has  upon 
the  circulation  and  diBtribution  of  blood  should  have  a  marked  effect 
upon  the  pressure  of  the  cerebrospinal  fluid. 

Dixon  and  Halliburton  (12)  studied  the  effects  of  such  stimulation 
and  divided  the  results  into  three  groups  (p.  138) : 

(l)  When  the  f&ll  of  blood  pressure  is  am&Il  &  alight  poBBive  diminution  of  the 
«-B  presaure  without  any  subsequent  rise,  even  though  the  torcular  pressure  rises 
greatly;  (2)  an  initial  passive  fall  in  pressure  followed  by  a  rise,  which  conunences 
whilst  arterial  and  venous  pressures  are  still  low;  (3)  an  immediate  rise  in  c-s 
pressure  which  may  be  regarded  as  being  caused  by  increased  secretion  due  to 
deficient  oxygenation  or  the  collection  of  carbon  dioxide  in  the  brain. 

In  table  14  we  record  the  results  from  nineteen  stimulations  of  the 
peripheral  vagus  on  fourteen  animals.  We  show  in  figure  16  what 
we  consider  typical  results.  So  far  as  the  table  is  concerned,  the 
average  result  is  a  marked  fall  in  arterial  pressure  early  in  the  stimula- 
tion, with  a  gradual  but  very  slow  rise  in  the  pressure,  this  is  followed 
by  a  sudden  rise  when  stimulation  ceases  followed  by  a  gradual  rise  to 
normal.  Numerous  variations  are  seen.  Such  a  marked  fall  in 
arterial  pressure  might  in  the  skull  either  raise  or  lower  the  venous 
pressure  although  in  the  general  circulation  it  commonly  raises  it. 
Our  measurements  show  a  fall  in  venous  followed  during  the  stimula- 
tion by  a  rise  almost  to  normal,  with  a  fall  later  below  the  level  reached 
after  the  early  effects  of  stimulation  has  passed  off.  The  curve  of  the 
fluid  pressure  is  exactly  similar. 

In  figure  14,  A  and  B,  it  will  be  noted  that  all  the  pressures  fell 
simultaneously  and  rose  simultaneously.  In  A  the  fall  in  all  pressures 
was  great,  and  the  recovery  was  to  above  normal.  In  B  the  fall  was 
much  less  marked  and  the  recovery  was  incomplete  in  all  the  pressures. 
C  is  given  to  show  that  in  some  experiments  there  is  a  rather  marked 
fall  in  arterial  pressure  but  very  little  change  in  venous  or  fluid  pressure. 
The  decrease  in  cardiac  output  in  these  cases  apparently  is  almost 
exactly  balanced  by  the  venous  engoi^ement  so  that  the  venous  pressure 
remains  almost  a  constant.  There  is  a  rather  large  percentage  of 
such  cases  seen  in  experimentation.  We  have  never  seen  results  such 
as  reported  by  Dixon  and  HalUburton  in  figure  8,  where  torcular 
venous  pressure  rose  markedly  without  raising  the  fluid  pressure. 
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F^  16.  This  fiptre  shows  the  effect  on  all  the  premires  of'StimulKtioD  of 
the  peripheral  end  of  the  cut  vagus  nerve.  Note  the  marked  difFerences  in  the 
ebangee  of  presanree  in  the  different  experimente. 
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Nor  have  we  ever  Been  the  result  BhowQ  in  figure  7,  where  arterial  and 
venous  pressure  fell,  but  fluid  pressure  rose.  We  have  no  suggestions 
to  offer  as  to  the  explanation  of  their  results  nor  of  our  failure  to  observe 
similar  ones. 

So  far  as  our  experiments  are  concerned  we  are  justified  in  the  con- 
clusion that  the  results  of  stimulation  of  the  vagus  upon  the  fluid 
pressure  are  exactly  what  are  to  be  expected,  if  the  changes  are  due  to 
vascular  changes  in  the  skull.  There  is  no  evidence  of  new  formation 
under  the  influence  of  the  partial  asphyxia  produced. 

7.  InfiuefTice  of  the  amtmni  of  fiuid  in  the  canal.  One  of  the  factors 
which  influences  the  effect  of  a  rise  of  the  fluid  or  of  an  increase  in  the 
venous  or  arterial  pressures  is  the  amount  of  fluid  in  the  canal.  Early  in 
the  work  we  noticed  that  in  rather  a  lai^e  percentage  of  animals  the 
response  of  the  fluid  pressure  to  venous  and  arterial  changes  was  small. 

TABLE u 
Dog,  prepared  at  dtaeribtd  above.    Blood  pruaure  raised  by  the  intratieiuiw  injection 
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172 
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149 
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390 
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These  records  were  marked  "animal  refractory  to  drugs"  in  our  book. 
Later  it  was  found  that  this  refractory  state  could  be  chained  to  a  non- 
refractory  one  by  the  introduction  into  the  canal  of  a  few  cubic  centi- 
meters of  warm  salt  solution.  Similarly  an  animal  which  reacted  well 
could  be  converted  into  a  refractory  one  by  the  withdrawal  of  some  of 
the  fluid.  The  importance  of  this  factor  has  already  been  brought 
out  in  the  influence  of  the  various  bores  of  manometers  on  the  rising 
and  falling  fluid  pressure.  In  general  the  more  fluid  there  is  present  in 
the  canal  the  greater  the  response  of  the  fluid  to  vascular  chaises. 
Many  experiments  were  done  to  prove  this  point;  there  is  some  varia- 
tion in  the  results  but  the  statement  made  above  holds,  as  may  be  seen 
from  the  following  experiment  (table  15):  ' 

As  can  be  seen  from  this  experiment  the  more  fiuid  there  is  in  the 
canal  the  more  nearly  does  the  rise  of  pressure  in  the  fiuid  equal  the 
rise  in  the  pressure  in  the  vein.    The  cause  is  so  obvious  as  to  need 
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no  comment.'  It  is  an  important  factor  in  the  response  of  the  animal 
to  the  action  of  hemodyiuunio  drugs,  but  one  which  has  been  neglected 
as  is  proved  by  the  choice  of  method  made  by  many  of  the  workers  in 
the  field.  The  effect  is  a  purely  physical  one.  These  experiments 
confirm  also  the  statement  made  regarding  the  effect  of  the  bore  of  the 
manometer  tube  upon  the  record  of  the  fluid  pressure,  for  it  makes  no 
difference  whether  the  fluid  is  drawn  out  into  a  8)rringe  or  into  a  manom- 
eter tube,  the  effect  on  the  pressure  tdiange  is  the  same.  We  con-  ■ 
sider  it  highly  probable  that  the  amount  of  fluid  varies  within  wide 
limits  in  different  animals,  hence  the  amount  of  response  will  vary 
widely,  and  many  animals  must  be  observed  in  order  to  get  a  reasonably 
accurate  average.  This  fact  explains  why  the  fluid  pressure  was  h^ 
even  in  those  animals  with  an  epidural  hemorrhage  in  which  case  no 
blood  entered  the  fluid,  for  it  makes  no  difference  whether  the  material 
isinsideoroutsidetheduratSolongasitlies  within  the  bony  c&lvarium, 
the  result  will  be  the  same. 

8,  Effects  of  reepiration 

Among  the  physiological  changes  which  a  priori  are  likely  to  produce 
alterations  in  the  fluid  pressure  or  fluid  outflow  must  be  considered  the 
effects  of  respiration,  and  in  this  connection  not  only  must  the  effects 
produced  by  each  individual  respiration  be  considered,  but  also  the 
effects  of  continued  increased  respiratory  rate  and  depth.  The  oscilla- 
tions produced  in  the  fluid  during  each  respiration  are  evident  to  any- 
one who  will  take  the  trouble  to  open  the  spinal  canal  of  an  animal 
imder  an  anesthetic.  Aa  may  be  seen,  in  the  ordinary  case,  with  each 
inspiration  the  fluid  falls,  with  each  expiration,  the  fluid  rises  toward 
the  hole  in  the  wall  of  the  canal. 

Literature.  The  details  of  these  changes  have  been  carefully  worked 
out  by  Knoll  (26),  and  his  observations  can  be  fully  substantiated. 
We  do  not  believe  that  the  criticism  of  Hill  on  this  work  is  well  taken, 
at  least  not  for  the  experiments  in  which  the  loss  of  fluid  from  the  canal 
-  is  small.  Previous  to  Knoll's  work,  Salathe  (27)  ascribed  the  pressure 
changes  observed  to  take  place  during  inspiration  to  the  inspiratory 
rise  in  the  blood  pressure,  while  Haller  and  Fredricq  (28)  have  ascribed 
the  changes  to  alterations  in  the  venous  pressure  occurring  during  the 
respiratory  cycle.  Knoll  bases  his  conclusions  that  the  pressure  changes 
in  the  fluid  are  due  to  the  changes  in  the  venous  pressure  upon  the 
followii^  observations;  a,  The  increase  in  the  fluid  pressure  is  not 
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exactly  synohronous  with  the  increase  in  the  arterial  pressure  to  the 
nervous  systein.  b,  The  fiuid  pressure  changes  are  modified  but  not 
lost  by  ligation  of  the  arteries  to  the  head,  even  when  there  was  included 
the  aorta  close  below  the  origin  of  the  left  subclavian  artery,  c,  The 
pressure  changes  were  synchronous  with  changes  in  the  venous  pressure, 
and  in  the  same  direction,  d,  One  point  against  the  venous  origin 
of  the  pulsation  in  the  fiuid  was  the  obaervation  that  ligation  of  the 
superior  vena  cava  distal  to  the  vena  azygoa  and  the  inferior  vena 
cava  did  not  abolish  the  pulsation  entirely.  This  he  explained  by  the 
fact  that  in  such  a  ligation  the  v&na  axygos  is  still  open,  and  it  is  through 
this  vein  that  the  fluid  pressure  is  still  modified  by  changes  in  the 
venous  pressure.  This  is  rendered  the  more  probable  by  the  observa- 
tion that  in  such  conditions — ligation  of  the  cavae — the  small  veins 
from  the  apinal  plexus  to  the  azygoe  system  aie  markedly  engorged 
with  blood.  He  admits  that  in  some  cases  the  fluid  may  be  so  markedly 
influenced  by  the  arterial  pressure  as  to  show  an  increased  fluid  pressure 
during  inspiration  and  a  decreased  fluid  pressure  during  expiration,  a 
rhythm  the  reverse  of  the  normal,  but  says  that  these  cases  are  excep- 
tional. This  work  of  Knoll's  has  been  carefully  done,  and  is  essentially 
correct,  but  he  neglected  to  mention  the  influence  on  the  pressure 
changes  of  alterations  of  the  fluid  volume  in  the  canal, — this  latter  is 
an  important  one, — for  unless  there  is  a  large  volume  of  fluid  in  the  canal, 
the  arterial  pressure  can  not  change  the  fluid  pressure  directly  and  can 
modify  it  only  indirectly  by  way  of  the  venous  pressure.  The  state- 
ments just  made  apply  only  to  the  changes  occurring  during  a  single 
respiratory  cycle. 

More  recently  Dixon  and  Halliburton  (11)  using  the  outflow  method 
reached  the  conclusion  that  under  artificial  respiration  "increased 
rate  or  laiger  thrust  causes  slower  secretion,  while  decreased  rate  or 
smaller  thrust,  a  faster  secretion."  They  ascribe  these  changes  to 
alterations  in  the  COi  content  of  the  blood.  To  the  same  causes  they 
attribute  at  least  in  part  the  increased  outflow  following  chloroform 
inhalations  in  the  normally  breathing  animal,  an  experiment  in  which 
according  to  their  observations  there  is  an  increase  in  the  outflow 
of  the  fluid. 

ExperimerUa:  Our  own  work  covers  only  a  small  part  of  the  field: 
only  the  increased  respiration  due  to  stimulation  of  a  sensory  nerve, 
like  the  sciatic,  and  decreased  respiration  due  to  stimulation  of  an 
afferent  inhibitory  nerve  like  the  superior  laryngeal,  or  the  central 
vagus,  in  the  normally  breathing  animal.  The  effects  of  artificial 
respiration  will  be  covered  in  a  later  paper. 
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a.  Increased  reepiroHtm:  The  effects  of  increased  respiration  upon 
the  fiuid  pressure  may  be  eeen  by  refemng  to  table  16.  Experiments 
SOOa  to  50Ic  were  done  on  a  dog  in  which  stimulation  of  the  sciatic 
always  produced  a  fall  in  the  blood  pressure  together  with  a  fall  in 
the  venous  and  the  fluid  pressures.  Experiments  504a  to  505d  were 
done  on  dogs  in  which  stimulation  of  the  sciatic  always  produced  a 
rise  in  the  arterial  pressure,  along  with  a  rise  in  the  venous  and  the 
fluid  pressures.  These  statements  hold  true  for  both  these  animals 
not  only  for  averages  but  fw  every  individual  experiment.  The 
remaining  five  experiments  were  done  on  one  other  dog  in  which,  as 
can  be  seen,  stimulation  of  the  sciatic  always  produced  a  rise  in  the 
arterial  pressure,  while  the  effects  on  the  other  pressures  varied  to 
some  degree.  The  averages  of  the  eighteen  stimulations  are  shown 
in  the  final  averages  given  at  the  bottom  of  the  table.  The  conclu- 
sions to  be  drawn  from  these  experiments  are  the  following:  The 
arterial,  venous  and  fiuid  pressures  rise  in  those  cases  where  the  stimula- 
tion of  the  sciatic  has  a  pressor  effect,  and  fall  in  those  cases  where 
that  nerve  has  a  depressor  effect.  The  changes  as  shown  by  our 
eighteen  experiments  are  all  to  be  accounted  for  by  alterations  in  the 
vascular  pressure  in  the  skull,  for  the  pressure  in  the  fluid  varies  in 
the  direction  to  be  expected  from  the  alterations  in  arterial  and  venous 
pressures  inside  the  skull.  The  averages  of  chai^  between  dogs,  some 
of  which  show  pressor,  others  depressor  effects  on  stimulation  of  the 
sciatic,  are  well  within  the  range  of  experimental  error,  and  hence  it  is 
entirely  unnecessary  to  assume  either  an  increase  or  a  decrease  in  the 
rate  of  formation  of  the  cerebrospinal  fluid.     (See  fig.  17). 

Table  17  shows  the  results  of  increased  respiration  upon  the  outflow 
of  fiuid  from  a  needle  inserted  into  the  4th  ventricle.  The  value  to  be 
placed  upon  this  form  of  experiment  has  already  been  discussed  in 
detail  in  our  criticism  of  the  methods  of  the  study  employed.  However, 
we  doubted  some  of  the  statements  of  recent  workers  regarding  the 
behavior  of  the  fluid  on  increasing  the  respiration.  As  can  be  seen 
from  the  table,  in  only  two  cases  was  there  a  decrease  in  the  flow  on 
increasii^  the  respiration  actively  by  sensory  stimulation  although  it 
must  be  said  that  in  many  cases  observed  on  other  points  in  which  the 
outflow  method  was  used  on  increasing  the  respiration  the  fluid  retreated 
out  of  sight  into  the  tube,  and  did  not  reappear  for  some  time.  In  ten 
cases  recorded  there  was  an  increase  in  the  outflow  on  increasing  the 
respiratory  movements,  in  two  cases  the  rate  was  unchanged,  and  in 
three  cases  in  this  series  the  change  could  not  be  observed  because  of 
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limitations  of  the  method  employed.  Taking  an  average  of  the  seven- 
teen experiments,  the  rate  of  outflow  was  more  than  doubled  by 
increasing  the  respiratory  movements.  Therefore,  the  conclusion  is 
warranted  that  on  increasing  the  respiration  by  stimulation  of  the 
sciatic  in  a  normally  breathing  dog  the  outflow  of  fluid  may  be  increased 
or  decreased,  not  always  decreased  as  is  the  statement  of  Dixon  and 
Halliburton  (II)  for  their  experiments  where  artificial  respiration  was 
increased.  Their  figure  13  (p.  237)  as  shown  in  their  article  does  not 
substantiate  their  claim  that  augmented  secretion  commenced  before 
the  respiration  was  visibly  affected,  for  if  the  time  relations  of  their 
recording  apparatus  are  correct,  the  increased  outflow  did  come 
synchronously  with  the  decrease  in  amplitude  in  the  respiratory  move- 
ment, and  the  maximum  was  reached  at  a  time  when  the  respiratory 
movements  were  approaching  the  minimum.  There  was  Utile  or  no 
change  in  the  rate  of  respiration  so  far  as  can  be  judged  from  their 
tracing  until  late  during  the  inhalation  and  then  there  was  an  increase. 
It  has  been  our  experience  that  by  no  means  does  every  decrease  in 
the  respiratory  movements  result  in  an  increase  in  the  outflow,  nor 
does  every  increase  in  the  respiratory  movements  result  in  a  decrease 
in  the  outflow  of  the  fluid.  Further,  these  experiments  are  inconclu- 
sive because  they  do  not  measure — at  least  do  not  record  in  their  paper — 
the  Alterations  in  the  arterial  and  venous  pressures  during  the  experi- 
ments involving  a  decrease  in  the  respiratory  movements.  Neither , 
do  they  give  the  results  from  more  than  one  experiment,  eitlier  by  this 
or  by  the  pressure  method,  an  omission  sufficient  to  make  their  con- 
clusions of  Uttle  value.  It  will  be  noted  that  in  both  those  cases  where 
there  was  decreased  outflow  there  was  a  fall  in  both  the  arterial  and 
venous  pressures,  which  may  have  been  the  cause  of  the  decreased 
outflow.  On  the  other  hand  examination  of  the  table  shows  that  in 
sgme  of  the  other  experiments  where  there  was  a  similar  fall  in  both 
these  pressures  there  was  an  increase  in  the  outflow.  Hence  a  fall  in 
both  venous  and  arterial  pressure  is  not  invariably  followed  by  a 
decrease  in  the  outflow  of  fluid,  and  we  beheve  that  the  cause  of  the 
increased  outflow  is  due  in  some  cases  to  increase  in  the  arterial  or 
venous  pressure  or  both,  accompanied  by  an  increased  accumulation 
of  blood  in  both  arterial  and  venous  channels,  and  in  some  cases  to  an 
increase  in  the  oscillation  of  the  contents  of  the  canal,  permitting  the 
outflow  of  more  fluid  through  the  needle,  just  as  more  fluid  will  flow 
out  of  a  hole  in  the  side  of  a  tank  if  the  fluid  in  the  tank  is  agitated  more 
strongly.     Another  explanation  is  that  some  of  the  straits  in  the  intra- 
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dural  canal  are  always  more  or  less  completely  occluded  by  the  struc- 
tures paasing  through  them,  thus  hindering  the  free  passage  of  fluid 
from  one  portion  to  the  other.  Thus  if  the  cranial  fossae  were  full  of 
fluid,  increased  respiratory  movement  would,  by  the  rise  and  fall  of 
the  mid-brain  during  dyspnea  facihtate  the  passage  of  fluid  from  the 
skull  cavity  to  the  medullary  region  and  thus  increase  the  outflow 
from  a  needle  inserted  in  that  region.  On  the  other  hand  if  the  cranial 
fossa  were  nearly  empty,  then  increased  respiratory  movements  would 
make  easier  the  passage  of  fluid  from  the  region  of  the  medulla  into  the 
cranial  cavity,  and  thus  decrease  the  outflow.  We  believe  this, 
together  with  the  alterations  in  arterial  and  venous  pressures,  to  be 
the  explanation  of  the  changes  observed,  these  chains  being  in  the 
nature  of  either  an  increase  or  decrease  when  the  respiration  is  stimu- 
lated by  the  action  of  the  sciatic.  Changes  due  to  alteration  of  rate 
and  depth  of  artificial  respiration  have  not  been  studied,  but  we  do 
not  believe  that  they  will  di£fer  from  the  changes  already  described. 
However,  they  are  to  be  submitted  to  later  study.  Thus  the  decreased 
flow  is  due  to  fall  in  arterial  or  venous  pressure  or  both,  with  less  blood 
in  the  vessels  thus  allowing  more  space  for  the  fluid,  and  reducing  the 
outflow,  or  in  many  cases  the  fluid  may^ — under  the  influence  of  strong 
respiration' — be  distributed  to  distant  parts  of  the  canal  thus  reducing 
the  outflow  through  the  needle.  The  increase  is  due  to  the  increases 
in  arterial  and  venous  pressure  which  displaces  more  of  the  fluid,  or 
to  the  accumulation  of  fluid  in  the  medullary  region  by  the  release  of 
fluid  from  other  parts  of  the  system  by  movements  of  the  central 
nervous  system. 

b.  Decreased  re»piratum.  Having  studied  the  effects  of  the  increased 
respiratory  movements,  we  undertook  the  study  of  the  effect  of  decreased 
respiratory  movements  as  produced  by  stimulation  of  the  superior 
laryngeal  and  central  vagus.  Table  18  shows  the  effect  of  stimulation 
of  the  superior  laryngeal  upon  the  pressure  of  the  fluid.  The  table 
shows  the  results  of  twelve  stimulations  performed  on  three  dogs. 
As  can  be  seen  from  the  tables,  the  averages  of  all  the  pressures  rise 
and  then  return  to  the  normal  immediately  after  the  cessation  o!  the 
stimulus.  The  fluid  rises  relatively  more  in  these  ftnimftlB  than  for 
most  of  the  ftriimftla  shown  in  this  work  but  in  all  cases  high  normal 
pressures  were  existent  at  the  b^inning  of  the  experiment;  thus  the 
canal  was  full  of  fluid  and  the  fluid  pressure  was  influenced  by  arterial 
as  well  as  venous.  If  the  change  in  the  fluid  pressure  had  been  one  oi 
secretion  then  the  fluid  pressure  should  have  remained  high  for  some 
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time  after  the  stimulation  ceased.  Such  was  not  the  case;  in  fact,  as 
can  be  seen  from  the  table,  it  fell  to  almost  exactly  the  same  propor- 
tional amount  as  the  venous  pressure.  The  venous  pressure  rose 
4.3  mm.  and  fell  1.9  mm.,  hence  the  fall  w^  equal  to  44  per  cent  of 
the  rise.  The  fluid  pressure  rose  8.4  mm. — due  undoubtedly  to  changes 
in  the  arterial  pressure  for  the  fluid  pressure  was  high — and  fell  4  mm. 


Fig.  IS.  This  figure  ahowa  the  effect  on  all  the  pressures  and  upon  respira- 
tion of  stimulation  of  the  superior  laryngeal  nerve. 

or  44  per  cent  of  the  rise.  If  the  observations  had  been  prolonged 
until  the  venous  pressure  was  normal,  then  the  fluid  pressure  would 
also  have  been  normal.  The  period  of  stimulation  varied  from  12  to 
47  seconds — as  long  as  it  is  possible  to  inhibit  respiration  by  such 
stimulation.     (See  fig.  IS). 

Inhibition  of  respiration  by  stimulation  of  the  central  vagus  was 
carried  out.    Table  19  shows  the  results  from  eight  experiments  on  two 
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animala.  The  inhibition  was  maintained  from  45  to  158  seconds, 
ample  time — according  to  Duron  and  Halliburton — for  aaphyidation 
or  COt  to  have  its  effect  upon  the  meohammu  forming  the  fluid.  The 
chaises,  as  might  be  expected,  are  much  greater  than  those  secured 
from  stimulation  of  the  superior  laryngeal,  because  of  the  greater 
number  or  the  greater  effectiveness  of  the  afferent  fibers  in  the  vagus 
trunk.  The  arterial,  venous  and  fluid  pressures  all  rose  with  the 
begiuiing  and  fell  with  the  termination  of  the  stimulation.  The  changes 
in  all  the  fluids  are  rapid,  synchronous,  in  the  same  direction,  and  to 
some  degree  proportional.  Therefore,  the  changes  are  all  due  directly 
or  indirectly  to  the  effect  of  the  pressor  fibers,  and  the  changes  are 
purely  mechanical  in  origin,  coining  from  chains  in  the  blood  pressure. 
Much  work  remains  to  be  done  on  this  phase  of  the  subject,  but  the 
data  we  have  given  are  ample  to  prove  that  the  conclusions  of  Dixon 
and  Halliburton  regarding  the  influence  of  COi  in  stimulating  the 
structures  forming  the  fluid  are  too  sweeping,  being  based  upon  the 
results  from  experiments  too  few  in  number  and  not  sufficiently  con- 
trolled to  warrant  the  broad  conclusions  they  have  drawn.  We  have 
experiments  exactly  like  those  shown  by  these  authors.  The  con- 
clusions drawn  from  their  graphs  would  be  correct  if  the  graphs  were 
typical  of  a  larger  number  of  experiments,  but  they  are  not,  as  can  be 
seen  by  reference  to  our  tables  given  above.  Whether  the  outflow 
method  they  employed  or  the  manometer  method  ia  correct  has  already 
been  discussed  (see  fig.  19). 

Asphyxia.  The  effectiveness  of  asphyxia  as  a  stimulant  of  the 
mechanism  forming  the  cerebrospinal  fluid  has  recently  been  empha- 
sized. Dixon  and  HaUiburton  using  the  outflow  method  state: 
"asphyxia  always  leads  to  considerable  increase  in  outflow."  This 
they  believe  due  to  the  COi  of  the  alveolar  air,  and  point  out  that 
in  this  respect  the  choroid  does  not  behave  like  a  secretory  gland,  for 
most  glands  secrete  more  rapidly  when  the  blood  is  well  aerated.  They 
state  that  drugs  such  as  nitrites  and  nitrobenzenes  which  rapidly  pro- 
duce methemoglobin  also  cause  the  secretion  to  increase.  In  their 
later  article  dealing  with  fluid  pressure  they  claim  that  torcular  pressure 
rises  slowly  at  first  during  asphyxia,  and  then  more  rapidly,  and  con- 
tinues to  rise  when  the  arterial  pressure  falls  and  the  heart  fails.  The 
cerebrospinal  fluid  pressure  rises  slowly  at  first,  but  more  rapidly  later. 
The  fluid  pressure  commences  to  fall  before  the  arterial  blood  pressure 
has  reached  its  maximum  (fig.  20). 
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We  show  in  table  20  the  beginiuDg,  maximum  tuad  end  pressures  in 
eight  animals  well  anesthetized  and  killed  by  asphyxia  produced  by 
opening  one  or  both  pleural  cavities  by  large  incisions  parallel  with 
and  between  the  ribs.  We  preferred  this  method  to  deep  anesthetiza- 
tion, because  with  the  interruption  of  artificial  respiration  the  latter 
method  will  produce  too  marked  a  depression  of  the  centers  of  the 
medulla.  Using  this  method  of  study  we  found  that  torcular  venous 
pressure  rose  with  the  asphyxial  rise  in  arterial  pressure,  and  this  rise 
of  venous  pressure  persisted  after  arterial  pressure  had  fallen  to  zero. 


Fig.  20.  This  figure  shows  the  effect  of  openiag  the  chest  (asphyxia)  upon  the 
respiration,  arterial,  venous  and  fluid  pressures.  The  animal  was  under  moderate 
surgical  anesthesia. 

It  was  our  experience  that  fluid  pressure  ran  a  course  parallel  with  the 
venous  pressure.  Venous  pressure  rose  on  the  average  67.9  mm,  and 
fell  44,5  mm.  Fluid  pressure  rose  on  the  average  71,0  mm,  and  fell 
53.5  mm.  The  venous  pressure  fall  was  65  per  cent  of  the  venous  rise, 
and  fluid  fall  was  75  per  cent  of  the  fluid  rise.  In  other  words,  these 
two  pressures  run  &  remarkably  parallel  course,  both  remaining  above 
the  normal.  Where  the  outflow  method  is  used  this  might  in  many 
cases  result  in  increased  outflow  of  fluid.  In  figure  20  we  show  a  typical 
result.    Note  that  venous  and  fluid  pressures  run  a  remarkably  parallel 
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course.  There  are  two  maxima  in  the  curves,  and  while  not  absolutely 
Bynchronous  they  fall  closely  enough  together  for  the  phenomenon  to 
be  significant.  The  first  maximum  in  fluid  pressure  undoubtedly 
came  early  because  of  the  marked  rise  in  arterial  pressure,  for  arterial 
pressure  does  influence  fluid  pressures  in  some  animals,  as  has  already 
been  shown. 

In  accordance  with  the  findings  shown  in  table  20  and  figure  20,  we 
believe  that  all  the  changes  observed  in  fluid  pressure  during  asphyxia 
are  logically  explained  by  the  changes  in  arterial  and  venous  pressures. 
Thus  it  is  unnecessary  to  assume  new  formation  under  the  influence  of 
carbon  dioxide. 

TABLE  10 

Atpkyxia.  Thii  tablt  reeordi  the  Darialiont  in  arterial,  venoua  and  fluid  jtretiura 
betieeen  tht  opening  of  the  chetl  and  the  death  of  the  animal.  Note  that  the  pret- 
suree  all  roee  and  then  fell,  but  the  fall  in  arterial  v/a»  much  greater  than  the  fall 
in  venoua  and  fluid  preaiurei 
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IV.  THB  NOJUIAL  BATE  OP  THE  FOBMATION  OF  TUB  CEBEBBOSPmAI. 
FLUID  AND  ITS  ABSOBPTION 

Formation 

Logically,  (he  first  question  to  settle  in  this  problem  is  (he  Qormal 
rate  of  the  formation  of  the  cerebrospinal  fluid.  Various  estimates 
have  been  given.  Dixon  and  Halliburton  (11)  record  the  rate  in  the 
d(^  as  averaging  about  6  cc.  per  hour  in  an  experiment  lasting  almost 
three  hours;  in  the  goat  as  varying  between  13.5  cc.  during  the  first 
hour  to  nothing  after  the  fifth  hour.  The  decrease  was  gradual.  We 
e  that  these  figures  do  not  include  the  fluid  which  escaped  when 
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the  membranes  were  first  punctured.  Frasier  and  Feet  (7)  obtained 
from  a  dog  of  10  kilo  weight  1.66  co.  in  7  mioutes  and  10  seconds,  or 
0.231  cc.  per  minute;  from  a  dog  of  8  kilo  weight  they  obtained  3.57 
ce.  in  18  minutes,  or  0.192  cc.  per  minute.  They  had  drained  the 
canal  10  minutes  before  the  observations  were  begun.  In  these  experi- 
ments, also,  the  rate  decreased  during  the  experiment. 

Kecalllng  the  errors  of  method  pointed  out  above,  it  is  easy  to  see 
that  this  so-called  "normal  rate"  of  flow  recorded  by  these  authors 
may  have  no  relation  whatever  to  the  normal  rate  of  formation  of 
fluid.  This  flow  may  represent  the  slow  leakage  past  obstructions  in 
the  canal  of  fluid  not  removed  by  the  preliminary  drainage,  a  leakage 
made  possible  by  the  rhythmical  movements  of  the  cord  and  medulla, 
produced  by  the  respiratory  and  cardiac  impulses.  Since  these  move- 
ments are  uniform  the  rate  of  leakage  is  uniform  but  gradually  decreas- 
ing as  the  reserve  is  exhausted,  and  finally  ceasing  entirely.  This 
interpretation  of  the  flow  easily  explains  the  observation  of  Dixon  and 
HalUburton  that  the  flow  in  the  goat  ceased  entirely  after  the  fifth 
hour  althot^h  the  blood  pressure  was  still  80  mm.  of  mercury,  and  they 
had  "frequently  noted  abundant  secretion  at  a  much  lower  pressure." 
On  the  other  hand,  the  flow  may  represent  tranrndiUion,  not  the  normal 
formation,  transudation  from  the  meninges  or  other  vascular  struc- 
tures of  the  dural  canal  as  a  result  of  the  decreased  intracranial  pressure . 
produced  by  the  more  or  less  complete  drainage  fluid.  Frazier  and 
Peet  point  out  the  importance  of  this  factor  in  commenting  on  the 
clinical  observations  in  compound  fracture  of  the  skull,  but  failed  to 
apply  their  criticism  in  the  selection  of  a  method  for  their  own  experi- 
ments. Of  course  if  the  criticism  is  valid  in  the  cUnical  oases  it  is  valid 
in  the  laboratory  experiment.  Of  the  two  factors,  it  seems  probable 
the  first — leakage  of  preformed  fluid^ia  more  important  -in  experi- 
ments of  short  duration  like  those  cited  above;  while  the  second — 
transudation  from  reduced  intracranial  pressure — is  more  important 
in  experiments  of  long  duration,  into  which  class  the  clinical  cases 
fall. 

In  the  course  of  our  work  we  had  ample  opportunity  to  study  the 
"  rate  of  formation  of  the  fluid"  according  to  the  methods  of  the  authors 
mentioned.  Several  experiments  were  done  to  determine  this  point 
specifically.  However,  after  considering  the  situation  fully  we  decided 
that  the  data  did  not  bear  upon  the  point  at  all.  We  could  and  did 
measure  the  rate  at  which  the  fluid  would  drop  from  a  needle  inserted 
into  the  canal,  or  would  run  out  into  a  glass  tube  connected  with  the 
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needle,  but  that  in  our  opinion  doee  not  measure  the  rate  of  formation 
of  the  fluid.  Neither  the  tube  nor  the  nuwometer  method,  nor  any 
other  method  we  have  seen  described  ia  suited  to  make  this  apparently 
simple  determination.  All  that  has  been  measured  is  the  rate  at  which 
fluid  can  be  moved  about  in  the  canal,  or  the  rate  at  which  it  can  be 
formed  under  reduced  pressure  within  the  skull.  If  an  animal  is 
observed  over  a  long  period  of  time,  only  alight  variations  of  the  level 
of  fluid  occur,  so  long  as  the  level  of  venous  pressure  remains  unchanged 
and  the  respiration  is  constant.  If  the  anesthetic  is  reduced,  so  the 
venous  blood  pressure  rises  and  the  respiration  increases,  then  the 
fluid  rises  in  the  tube.  When  the  anesthetic  is  increased,  and  venous 
blood  pressure  and  respiration  decrease,  the  fluid  falls  in  the  tube.  In 
experiments  lasting  fnnn  three  to  five  and  one-half  hours  the  change 
of  fluid  levels  are  n^^ligible  so  Ioi%  as  the  venous  blood  pressures 
remun  the  same.  The  explanation  of  the  constancy  of  the  fluid 
levels  is  easy.  Normal  conditions  within  the  skull  are  retained  and 
hence  formation  and  removal  of  fluid  take  place  by  the  normal 
mechanism,  and  at  the  normal  rate,  and  therefore  balance  exactly. 
Only  when  vascular  changes  take  place  rapidly  does  the  level  of  fluid 
vary  to  any  great  degree.  These  changes  of  course  are  measured 
readily,  and  their  influence  upon  the  level  of  the  pressure  of  the  cere- 
brospinal fluid  can  be  estimated. 

When  the  manometer  method  is  used  the  same  results  are  obtained; 
there  are  no  changes  which  can  not  be  explained  by  the  chai^  in 
blood  pressure. 

Without  being  able  to  give  direct  and  convincing  evidence  on  this 
point  on  account  of  the  lack  of  a  suitable  method,  we  believe  that  the 
normal  rate  of  fonnation  of  the  fluid  is  a  relatively  slow  process,  much 
slower  Uuui  the  statements  of  the  clinicians  and  the  experiments  cited 
above  from  other  workers  would  lead  one  to  believe.  We  do  not 
wish — as  the  above  statement  seems  to  do — to  put  this  problem  out  of 
the  realm  of  experiment,  but  it  seems  to  occupy  that  place  because  of 
the  lack  of  a  suitable  method. 

Attempts  to  get  at  this  problem  indirectly  have  led  to  questionable 
and  we  believe  erroneous  conclusions.  Frarier  and  Peet,  working  with 
phenolsulphonephthalein  found  that  if  the  drug  is  injected  into  the 
ventricles  "under  normal  conditions  about  50  to  60  per  cent  is  excreted 
into  the  bladder  within  two  hours."  They  then  conclude:  "If  we 
can  assume  that  the  cerebrospinal  fluid  is  absorbed  proportionally  ae 
rapidly  as  the  amount  of  phthalein  injected,  and  there  ie  no  reason 
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for  believing  otherwise,  we  are  led  to  the  concluaion  that  at  least  SO  to  60 
per  cent  of  the  cerebrospinal  fluid  is  absorbed  every  two  houre."  We 
cannot  agree  with  this  conclusion.  The  absence  of  proof  that  an 
assertion  is  untrue  does  not  prove  that  the  assertion  is  true.  In  this 
instance  it  cannot  be  assumed,  it  must  be  proved,  that  all  of  the  con- 
stituents of  the  cerebrospinal  Suid  are  absorbed  in  the  same  proportion 
to  the  whole  as  the  drug;  otherwise  the  possibility  of  the  selective 
absorption  of  a  foreign  material  is  not  eliminated.  It  would  be  just 
as  sound  reasoning  to  assume  that  since  from  50  to  60  per  cent  of  the 
phenolsulphonephthalein  has  been  excreted  from  the  blood  by  the 
kidneys  in  two  hours  that  50  to  60  per  cent  of  the  water  and  other 
constituents  of  the  blood  had  been  eliminated  in  that  time.  Assuming 
the  weight  of  the  blood  to  be  one-tenth  of  that  of  the  body  for  animals, 
and  the  blood  to  be  two-thirds  plasma,  than  in  a  man  of  60  kilos  weight 
there  should  occur  in  2  hours  the  excretion  of  2  to  2.4  liters  of  urine, 
or  24  to  28.8  Uters  in  24  hours.  This  of  course  is  preposterous  and 
proves  that  the  drug  must  be  selectively  excreted  from  the  kidney 
and  is  not  excreted  in  proportioa  to  all  the  other  conatitueats  of  the 
blood.  This  same  activity  must  be  proved  to  be  absent  from  the 
cerebrospinal  mechanism  before  the  conclusions  of  Frazier  and  Peet 
become  at  all  convincing. 

Dandy  and  Blackfan  (6)  made  observations  on  the  same  field  at 
about  the  same  time.  Their  results  are  in  accord  with  those  of  Frazier 
and  Peet  but  from  their  findings  they  drew  no  conclusions  regarding 
the  rate  of  removal  and  hence  of  formation  of  the  cerebrospinal  fiuid. 

We  do  not  claim  to  have  proved  a  specific  absorption  of  pilocarpine 
from  the  dural  canal  but  using  the  submaxillary  gland  as  an  index  of 
the  presence  of  the  drug  in  the  blood,  we  did  establish  the  fact  that 
absorption  of  this  drug  from  the  canal  is  approximately  the  same  in 
rate  as  from  other  internal  cavitiesof  the  body.     (See  tables  21  and  22). 

From  table  21  it  becomes  evident  that  absorption  from  the  dural 
canal  of  pilocarpine,  or  rather  its  transfer  into  the  blood  stream,  is 
accomplished  after  about  the  same  latent  period  as  the  transfer  from 
the  bowel,  pleural  or  peritoneal  surfaces.  Since  thetransfer  from  these 
surfaces  is  in  all  probability  by  specific  absorption  of  the  drug  per  se, 
it  follows  that  so  far  as  the  time  element  is  concerned  there  is  nothing 
against  the  transfer  of  the  drug  from  the  canal  to  the  blood  by  the 
same  process.  As  was  stated  above  we  are  fully  aware  of  the  fact 
that  this  does  not  prove  that  drugs  are  specifically  absorbed  from  the 
canal.     In  this  connection  it  was  considered  important  also  to  study 
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latent  periods  of  absorption  of  atropine  from  the  dural  canal.  As  may 
be  Been  from  the  table,  there  ia  a  wide  variation  in  the  duration  of  this 
period  independent  of  any  known  cause,  for  the  injections  were  always 
made  in  exactly  the  same  way,  and  in  equal  amounts  in  all  the  animals. 
A  cannula  was  placed  in  Wharton's  duct  and  the  chorda  lingual  was 
stimulated  electrically  until  saliva  dropped  from  the  end  of  the  tube. 
The  animal  was  then  injected  subcutaneously  with  pilocarpine,  and 
the  cardio-inhibitor  and  salivary  mechanism  thrown  into  activity. 
Then  atropine  was  injected  intradurally  and  the  release  of  the  heart 
from  inhibition  and  the  cessation  of  salivary  flow  observed.  Aa  is  well 
known  it  is  not  always  possible  to  judge  the  exact  moment  of  release 
of  the  heart  from  the  inhibitioo  mechaniran;  for  that  reason  but  few 
observations  were  made  on  that  point.  The  results  of  eleven  experi- 
ments are  shown  in  table  22  and  in  figure  21. 

Since  obvious  error  in  the  direct  experiments  can  be  pointed  out, 
since  the  conclusions  regarding  the  rate  of  formation  based  upon  the 
rate  of  excretion  of  phenolsulphonephthalein  can  be  shown  to  be 
unwarranted,  it  becomes  evident  that  the  normal  rate  of  formation 
of  the  fluid  has  not  been  determined. 

Absorption  of  the  jiuid  and  its  amterda 

Literature:  It  has  loi^  been  known  that  substances  like  dyes  injected 
into  the  subarachnoid  space,  flnd  their  way  into  the  blood.  FrQm'ex- 
perimental  evidence  it  seems  that  the  absorption  is  by  way  of  the  blood 
stream  rather  than  by  the  lymphatics.  Further,  there  is  evideniie'fbr 
believing  that  no  direct  commiinication  between  the  subarachnoid 
space  and  the  blood  vessels  exists,  hence  the  transfer  froth  thid  Space  to 
the  blood  is  by  filtration,  by  diffusion  or  by  direct  and  specific  absbrp- 
tion.  Since  the  hydrostatJc  pressure  is  usually — some  sfty  always— 
h^her  in  the  blood  vessels  than  in  the  fluid,  it  is  evident  that  filtration 
cannot  be  the  mechanism  of  transfer,  hence  diffusion  and  spedfic  Ab- 
sorption are  left  as  the  only  alternatives.  Dixon  and  Halliburtotl  (29) 
in  a  recent  article  claim  to  have  established  the  fact  that  sub^tan6^ 
which  disappear  from  the  fluid  do  so  by  a  process  of  diffusion.  '  They 
assume  that  a  molecule  of  adrenalin  is  smaller  than  a  molecule  of  secre- 
tin, and  that  a  molecule  of  secretin  is  smaller  than  a  molecule  oT'pkp- 
tone.  Then  they  claim  to  have  shown  that  the  rate  of  transfer  of  these 
substances  to  the  blood  is  slower  or  faster  in  proportion  to  the'sise  of 
the  molecule  of  the  substance  they  are  studying.    That  their  work  dheB 
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not  prove  the  point  will  become  evident.  The  point  at  which  the 
transfer  from  the  canal  to  the  blood  takes  place  is  still  a  matter  of 
controveray. 

The  rate  at  which  this  transfer  takes  place  has  been  studied  for 
years.  Much  of  this  work  ia  of  no  value  from  the  standpoint  of  a  study 
of  the  normal,  because  of  the  abnormal  pressures  used  in  producing  the 
results.  The  present  communication  deals  with  the  absorption  of 
drugs  at  or  near  normal  pressure  conditions. 

I^wandowsky  (30)  studied  the  absorption  of  strychnine  and  other 
substances  from  the  dural  canal,  and  concluded  that  these  drugs  en- 
tered the  nervous  system  by  direct  absorption  from  the  cerebrospinal 
fluid,  because  he  could  produce  typical  results  with  amaUer  dmes  by 
this  method  than  by  the  ordinary  route— by  subcutaneous  injection. 

A  further  study  (31)  showed  that  it  was  possible,  by  intradural  in- 
jectioB  of  strychnine,  to  produce  local  areas  of  hyperexcitability  in  the 
cord  without  influencing  remote  areas.  This  also  points  to  direct  ab- 
sorption of  the  drug  by  the  nervous  tissue  from  the  fluid  instead  of 
from  the  blood,  for  in  the  latter  case  all  parts  of  the  nervous  system 
would  be  simultaneously  and  proportionately  affected. 

Meltser  and  Auer  (32)  studied  the  effect  of  the  intradural  injection 
of  adrenahn  in  six  monkeys,  used  repeatedly,  with  several  days  inter- 
vening between  experiments.  Twenty-one  injections  were  made  in 
all.  They  concluded  that  intradural  injections  do  not  produce  the 
typical  effects  of  an  intravenous  injection.  Thirteen  of  these  injections 
gave  a  rise  in  blood  pressure,  slow  in  making  its  appearance  and  of  long 
duration.  In  six  cases  a  fall  preceded  the  rise,  and  in  one  case  the  fall 
was  the  on^  effect.  In  seven  cases  there  was  a  rise  similar  to  that  seen 
on  intravenous  injection.  They  suggest  that  this  rise  is  due  to  some  of 
the  solution  entering  a  vein  at  the  time  of  the  injection.  Recently  (33) 
these  same  writers  have  restated  these  same  facts  with  additional  proof. 

Dixon  and  Halliburton  in  their  last  paper  on  the  fluid  state:  "after 
an  injection  (of  adrenalin)  into  the  subcerebellar  cistema,  a  short  latent 
period  ensues  of  from  ten  to  thirty  seconds,  then  cardiac  acceleration 
becomes  obvious  (the  vagi  being  cut)  and  the  blood  pressure  rises." 
Regarding  nicotine  they  say:  "Nicotine  in  doses  of  from  one  to  two 
milligrams  acted  like  adrenalin  on  the  vascular  system,  and  was  readily 
absorbed  from  the  cerebrospinal  fluid  into  the  blood."  In  support  of 
this  statement  they  give  a  tracing  of  the  action  of  each  drug  which  shows 
the  blood  pressure  curves  of  intravenous  and  intradural  injection  almost 
superimposed.    From  these   findings  supplemented   by  observations 
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upon  substances  with  a  supposedly  larger  molecule  like  secretin  and  pep- 
tone, and  upon  crystalline  substances  and  dyes,  th^  draw  the  following 
conclusions:  "If  these  substances  (introduced  into  the  fluid)  are  readily 
diffusible  the  speed  with  which  they  appear  in  the  blood  is  very  remark- 
able. ...  An  injection  of  substances  like  adrenalin,  nicotine  and 
atropine  produces  characteristic  phymological  effects  almost  as  rap- 
idly as  if  injected  in  the  venous  circulati(Hi.  Substances  which  are  not 
diffusible  such  as  proteins  ....  do  not  produce  their  charac- 
teristic effects,  when  introduced  into  the  cerebrospin^  fluid.  Whereas 
substuices  of  intermediate  molecular  size,  such  as  secretin,  diffuse 
slowly,  and  cause  their  action  at  an  intermediate  rate."  Numerous 
other  conclusions  were  drawn.  The  conclusions  regarding  the  action 
of  adrenalin  aod  nicotine  as  drawn  by  Dixon  and  Halliburton  are  war- 
ranted from  the  tracings  tiiey  publish.  But  the  writer  is  convinced 
that  the  facts  regarding  the  action  of  these  two  drugs  are  not  as  stated 
by  the  authors  quoted. 

Experiments:  In  experiments  carried  out  on  twenty-one  animals  into 
which  forty  separate  series  of  injections  were  made,  twenty-seven  of 
which  were  with  adrenalin,  thirteen  with  nicotine,  in  only  two  instances 
did  the  arterifd  pressure  rise  in  the  manner  described  by  Dixon  and  Hal- 
liburton as  the  usual  result  of  the  injection.  In  both  cases  this  rise 
followed  the  injection  of  adrenalin,  and  in  both  cases  the  cerebrospinal 
fluid  was  bloody  when  fluid  was  withdrawn  aa  a  preliminary  step  to 
the  injection  of  the  drug.  In  obe  of  these  cases  a  later  injection  of 
adrenfilin  was  followed  by  a  fall  instead  of  the  rise  described  as  charac- 
teristic by  the  authors  cited.  We  are  forced  to  the  conclusion  that 
some  error  was  made  by  the  authors  probably  in  the  injection  d  the 
drug  which  resulted  as  su^ested  by  Meltaer  in  his  own  work,  in  the 
entrance  of  a  part  of  the  solution  into  the  blood  stream,  probably  in 
this  case  by  way  of  some  of  the  intracranial  veins,  with  the  production 
of  a  characteristic  rise  in  the  blood  pressure.  We  noted  the  results 
given  in  two  cases  and  were  able  to  produce  results  in  two  otiiers  like 
those  reported  by  them  as  the  normal,  but  in  the  four  cases  in  which 
this  rise  was  noted  the  fluid  was  bloody  in  two,  and  a  communication 
existed  between  the  subarachnoid  space  and  the  torcula  in  two.  It  was 
shown  by  experiment  that  animals  with  the  vagi  cut  behave  in  a  man- 
ner similar  to  those  which  have  been  atropinised. 

The  methods  empl(^red  were  exactly  similar  to  those  used  by  Dixon 
and  Halliburton,  with  the  exception  that  we  atroplnieed  the  Animala 
instead  of  cutting  the  vagi.    In  addition  instead  of  using  a  fresh  solu- 
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tiori  of  the  drug'  for  the  intravenouB  injection,  We  frequently  withdrew 
some  of  the  oeiebroapinal  Suid  after  the  intradural  injection  of  adren- 
alin apd  injected  that,  intravenously,  because  hy  this  method  it  was 
rendered  certain  that  the  drug  was  in  the  canal.  The  niunber  of  exper- 
iments performed  by  these  men  must  have  been  small,  otherwise  they 
would  have  noted  and  corrected  their  error.  We  did  not  follow  the 
long-continUed  action  of  intraduf'&l  injections  of  adrenalin  in  enough 
animals  to  prove  or  disprove  Auer  and  Meltzer's  findings.  We  believe 
them  correct.    In  one  case  we  followed  for  6)  hours  the  blood  pressure 


Fig.  23.  This  figure  shows  the  effect  of:A  the  injection  o(  1  cc.  of  adrenalin 
chloride  intradurally;  B  the  effect  of  the  injection  of  2  cc.  of  cerebrospinal  fluid 
frqpa  l^e  ^apte.&niniftl  intrttvenoualy.  The,^ui4  was  withdrawn  i^ter  it  had 
be^n  in  tt^e  cailal  8  mmutee.    B  was  made  10-  mmut«s  after  A. 

was  practically  constant  throughout.    The  resuft  of  t6e  other  is  shown 
in  figqre  24.  •:-  , 

In  proof  of  our  conclusions  that  adren^in  and  nicotone  do-  not  prtK 
duce  a  rise  in  the  blood  pressure  when  injected  intradurally  we  submit 
tte  following  tables  and  graphs.  The  tables  include  the  observations 
made  on  all  the  animals  used  in  this  particular  part  of  the  work.  The 
graphs  are  the  results  of  a  few  of  the  experiments.  The  effect  of  the 
intradural  injection  of  adrenalin  is  shown  in  table  24  and  figures  23  and 
24. 
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As  will  be  noted  in  the  data,  in  only  one  case  was  the  intradural  in- 
jection of  adrenalin  followed  by  a  marked  rise  in  the  blood  pressure  and 
in  that  case  the  latent  period  was  longer  than  on  intravenous  injection 
and  the  fitiid  was  bloody.  A  similar  rise  occurred  in  another  case 
which  was  observed  in  some  other  worlc. 


.^WB  ff^P^ 


Fig.  24.  This  figure  showB  a  toag  time  (about  20  minutes)  experiment  after 
tlie  intradural  injection  of  2  cc.  of  adrenidin  cliloride  (l-lOOO).  Four  minutei 
elapsed  between  A  and  B,betweenfiuidC;uidCandi).  No  rise  in  blood  preMura 
occurred.  After  D  waa  completed  S  cc.  of  the  fluid  of  the  animal  were  with- 
drawn  at  the  occiput  and  injected  intravenously,  as  shown  in  E,  with  a  typical 
adrenalin  effect  on  the  blood  pressure. 

The  effect  of  intradural  injection  of  nicotine  is  shown  in  table  24 
and  figure  25. 

In  the  case  of  the  thirteen  injections  of  nicotine  in  not  a  single  case 
was  there  the  characteristic  rise  in  the  blood  pressure. 
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Aa  will  be  noted  in  every  case  where  the  experiment  is  free  from  crit- 
idBm,  adrenalin  and  nicotine  injected  intradurt^  produced  no  charao* 

TABLE n 
Thii  labU  ihowi  the  efftct  on  the  eircvlation  of  intradwal  injteliotu  of  adrenalin 
eUoride  (P.  D.  A  Co.),  alto  tka  effect  of  tntrorerwtu  injection  of  adrenalin  cUo- 
ride  or  of  the  cerebroepinal  fluid  of  the  aninuti  after  irUradtiral  injeeHon.    Tradnge 
1  and  $,  dog  II,  wtra  from  a  dog  ioHhout  atropine  vitk  the  vagi  cut 
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*  The  fluid  from  this  dog  waa  bloody. 

teristic  riae  in  the  blood  pressure;  and  in  every  case  the  injection  of  th« 
fresh  drug  or  of  the  fluid  withdrawn  from  the  canal  and  injected  intra- 
venously produced  characteristic  results  upon  the  blood  pressoreJ' 
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Therefore  the  absence  of  effect  after  subdural  mjection  is  due  to  the 
tackof  central  action  of  the  drugs  and  to  a  lack  of  absorption  from  the 
apace;  it  is  not  due  to  a  failure  to  inject  Ute  drug  into  the  canal,  to  inac- 
tivity of  the  drug  or  to  a  failure  of  response  on  the  part  of  the  animal. 
The  effect  of  the  intradural  injection  has  already  been  discussed. 
.  After  proving  conclusively  that  adrenalin  intradurally  had  no  effect 
upon  the  blood  pressure  comparable  to  the  effect  intravenously,  the 
work  <^  determining  the  length  of  the  stay  of  the  drug  in  the  canal  was 

TABLE  M 

ThU  tabU  ahowt  the  effect  on  the  eireulalion  of  intradural  injeetioni  of  O.OtS  per 
cent  nicotine,  alto  the  effect  of  the  tnlrtuKnout  injection  of  the  tame  drvg,  or  tKt 
cerebrotpinal  fiuid  of  the  animal  draten  after  the  drug  had  been  p^milted  to  act 
for  tome  time 
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*  The  fall  in  blood  pressure  in  these  cases  amounted  to  about  30  mm.  of  mer- 
Duiy.    Id  all  the  other  cases  the  fail  was  insignificant  and  transient. 

begun.  The  work  was  done  in  two  steps.  In  this  series  four  dogs  were 
used.  From  each  of  four  dogs,  two  under  ether  and  two  under  mor- 
phine, 3  cc.  of  fluid  were  drawn,  and  the  same  amount  of  adrenalin 
chloride  (P.  D.  &  Co.)  introduced.  At  30  minute  intervals  for  two  hours 
1  cc.  of  fluid  was  withdrawn  and  tested  by  intravenous  injection  into  a 
dog.  In  each  case  the  pressure  of  adrenalin  was  demonstrated  by  a 
typical  rise  in  the  blood  pressure  on  the  intravenous  injection  of  the 
flnid.  These  experimenta  prove  that  adrenalin  remains  in  the  canal  for 
at  least  two  hours. 
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Fig.  26.  Thia  figure  shows  the  differences  ia  the  reaction  of  the  blood  pressure 
to  nicotine  injected  intradurally,  and  to  the  cerebrospinal  fluid  of  the  same 
animal  injected  after  withdrawal  from  the  canal.  At  A,  1  cc.  of  0.2  per  cent 
nicotine  was  given  intradurally.  At  B  (15  minutes  later),  1  cc.  of  the  cerebro- 
spinal fluid  from  this  animal  was  given  intravenously.  Injections  were  made 
at  jr. 

Id  the  second  step  of  the  experiment,  three  dogs  were  used.  The  de- 
tails of  one  ejcperiment  were  enough  to  show  the  reaults  of  the  group : 

Dog  Aai.wngKHSkilo 

8:20  Animal  anesthetized. 

8:24.  NBedleinsertedintotheM»iem<im<iffno;5ce.  of  fluid  were  withdrawn,  and 
S  cc.  adrenalin  chloride  (P.  D.  &  Co.)  injected.  No  spaHma.  Animal 
quiet  during  recovery. 

8:S9.  Animal  fully  recovered.    Drowsy. 
11:  20.  Animal  re-aneathetized.    Tracheal  cannula  inserted. 
11:  24.  1  cc.  of  cerebroapinal  fluid  drawn.     Fluid  clear. 
12:  24.  1  cc.  of  cerebrospinal  fluid  drawn.    Fluid  clear. 

1:  24.  1  cc.  of  fluid  drawn.    Fluid  slightly  red  in  color.    No  blood. 

2:  24.  1  cc.  of  fluid  drawn.    Fluid  slightly  red  in  color.    No  blood. 

8: 00.  Animal  killed  with  ether. 
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Dog  ASM,  wnght  B  Wo 
2:  30.  Animal  aDesthetiied. 

2: 45.  Tracbeal  cannula  and  blood  pressure  cannutae  inBerted. 
2:46  to  4:00  p.m.  Fluids  from  dog  A  31  injeet«d  one  after  the  other. 

This  experiment  shows  concluaively  that  adrenalin  is  present  in  the 
fluid  for  five  hours.  The  fluid  drawn  at  the  sixth  hour  gives  a  doubtful 
leBult,  for  the  rise  is  very  small,  practically  none.  This  finding  has  been 
confinned  exactly  by  exp^lnrent  in  two  other  animals.    Therefore, 


Fig.  26.  Tbia  figure  shows  the  effect  of  the  repeated  injectiona  of  1  ce.  of 
eeiebroapinal  fluid  from  dog  A  into  dog  B.  The  fluid  was  drawn  at  varying 
intervals  3  to  8  hours  after  6  cc.  of  the  cerebrospinal  fluid  of  dog  A  had  been 
replaced  by  adrenalin  chloride.  The  graph  shows  a  positive  reaction  in  dog  B 
at  least  5  houre  after  the  drug  had  been  injected,  and  henoe  adrenalin  must 
remain  in  the  canal  for  at  least  that  period. 

adrenalin  remains  in  the  dural  cfmal  for  at  least  five  hours.  The  fact 
tiiat  adrenalin  can  be  detected  in  the  canal  for  five  hours  weakens  the 
proof  of  Dixon  and  Halliburton  that  it  passes  out  of  the  canal  into  the 
blood  stream  with  the  extreme  rapidity  they  described  in  their  last 
paper,  for  otherwise  we  might  expect  it  all  to  be  gone  long  before  five 
hours  have  elapsed.    (See  fig.  26). 

A  further  study  waa  begun  in  order  to  detennine  the  fate  of  adren- 
alin after  injection  of  the  drug  into  the  dural  canal.    The  possibility 
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tiiat  a  part  of  the  adienalin  was  destroyed  in  the  canal  and  thus  pre- 
vented from  ever  reaching  the  blood  stream  was  also  considered.  To 
det^mine  whether  any  of  the  adrenalin  was  lost  by  this  method  mixtures 
of  adrenalin  chloride  and  cerebrospinal  fluid  were  made.  It  was  esti- 
mated that  in  a  large  dc%  there  might  well  be  50  cc.  of  the  fiuid  in  Qie 
oaoal.  So  if  6  cc.  were  drawn  and  replaced  by  adrenalin  chloride,  the 
ratio  ofSinSOraltolOof  adrenalin  chloride  and  cerebrospinal  fluid 
would  be  obtained.  With  that  conctusioti*tn  mind  we  made  the  fol- 
lowing mixtures:  * 

(1)  0.1  cc.  adrenalin  chloride  0.1  cc.  of  cerebrospinal  fluid  1  to  2. 

(2)  0.1  cc.  adrenalin  chloride  0.9  cc.  of  cerebrospinal  fluid  1  to  10. 

(3)  0.1  cc.  adrenalin  chloride  1.9  cc.  of  cerebrospinal  fluid  1  to  20. 

(4)  0.1  cc.  adrenalin  chloride  2.9  oo.  of  cerebrospinal  fluid  1  to  30. 

These  tubes  were  incubated  for  7  hours  and  15  minutes  at  37.5°C. 
At  the  end  of  that  time  the  contents  of  the  tubes  were  made  up  to  2  cc. 
in  each  case,  and  injected  intravenously  into  a  pithed  cat,  one  after  the 
other.    The  results  are  shown  in  figure  27. 

As  is  seen  in  the  figure,  the  mixture  in  tubes  (1)  was  almost  inactive, 
(2)  showed  considerable  activity,  (3)  showed  still  more  activity,  and 
(4)  was  most  active  of  all,  because  it  can  be  seen  that  the  curve  is  flatter 
on  top.  However,  all  were  less  active  than  0.1  cc.  of  adreni^  without 
incut«tion,  and  less  active  than  the  same  amount  of  the  drug  incubated 
in  1.9  cc.  of  a  Nad  solution.  DUution  of  a  mixture  of  0.1  cc.  of  adren- 
alin and  1.9  cc.  of  the  fluid  by  the  addition  of  1  cc.  of  salt  solution  before 
being  incubated  did  not  affect  the  destruction  of  adrenalin.  We  have 
here  a  peculiu:  phenomenon  in  which  it  is  evident  that  small  amounts  of 
the  fluid  produce  the  destruction  of  adrenalin,  while  laiger  amounts 
produce  less  destruction  of  the  drug.  A  parallel  aeries  with  blood  sub- 
stituted for  the  fluid  showed  that  small  amounts  of  fluid  produced 
greater  destruction  of  adrenalin  than  an  equal  amount  of  blood.  Here 
is  a  problem  requiring  more  work  to  detennine  the  factors  involved.  If 
the  1  to  10  ratio  is  correct,  it  is  unnecessary  that  more  than  one-half  of 
the  adrenalin  be  absorbed,  to  account  for  the  loss  of  adrenalin  from  the 
canal,  for  in  that  ratio  at  the  temperature  of  the  body,  most  of  the 
adrenalin  in  the  mixture  of  fluid  and  adrenalin  is  destroyed  in  viiro. 
This  is  shown  by  the  fact  that  a  mixture  of  fluid  0.9  cc.  and  adrenaUn 
0.1  cc.  after  incubation  for  7}  hours  produces  only  one-fourth  the  rise 
produced  by  such  a  mixture  before  incubation,  and  about  one-third 
the  rise  produced  by  the  same  amount  of  adrenalin  incubated  with 
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blood.  It  is  evident  that  in  an  expeiiment,  uncomplicated  by  intra- 
venous injection,  simultaneous  with  the  intradural  injection,  the  ab- 
sorption from  the  canal  is  slow,  bo  not  more  than  one-half  of  that  in- 
jected need  be  absorbed  to  account  for  the  Ic^s  from  the  canal,  the  rest 
having  been  destroyed  by  the  fluid.    Meltzer  (34)  noted  the  destruc- 


Fig.  28.  This  fiKure  ehowB  the  effect  of  heating  to  66'  or  70°C.  the  cerebro- 
Bpiaal  fluid,  before  mixing  it  with  the  adrenalin,  upon  the  reftotioD  shown  ill 
figure  27.  The  "oxidizing  power"  remains,  but  the  protaotive  power  is  lost 
BD  that  the  dilution  of  adrenalin  with  fluid  in  any  amount  results  in  the  deatruo- 
tion  of  adrenalin  in  all  dilutions. 

tive  power  of  fluid  for  adrenalin  but  failed  to  note  the  protective  power 
of  the  lai^er  doses. 

Conduaiona:  Adren^ih  and  nicotine  are  not  adsorbed  from  the  dural 
canal  rapidly  enough  to  produce  characteristic  vascular  responses. 
Hence  the  findings  of  Dixon  and  Halliburton  regarding  the  rate  of  ab- 
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Boiption  are  clearly  in  error.  This  error  is  due  probably  to  faulty 
technique  in  the  injection  of  the  adrenalin  intradurally  and  to  t^e  ob- 
servation of  too  small  a  number  of  animals. 

AdreoaUn  injected  into  the  subdural  space  can  be  detected  for  at  least 
six  hours  by  its  effect  on  the  vascular  system  of  the  d(^.  It  can  be 
shown  by  a  test  experiment  that  relatively  large  amounts  are  destroyed 
by  the  cerebiospinal  fluid  at  37.5°C.  in  that  time,  hence  if  allowance  is 
made  for  loss  by  destruction,  relatively  little  of  the  Quid  need  be  ab- 
sorbed to  account  for  tiie  disappearance  of  the  drug  from  the  canal. 

Small  amounts  of  the  cerebrospinal  fluid  are  more  active  in  destroy- 
ing adrenalin  chloride  (P.  D.  &  Co.)  than  lai|^  amounts. 

Since  substances  with  supposedly  small  molecules  like  adrenidin  and 
nicotine  do  not  pass  readi^  from  the  canal,  it  was  hardly  considered 
necessary  to  study  the  passage  of  less  diffusible  substances  like  secretin 
and  peptone  to  warrant  us  in  the  statement  that  the  conclusion  of 
Dixon  and  Halliburton  that  the  transfer  must  be  by  diffusion  is  not 
warranted  by  the  facts,  for  none  of  the  substances  pass  out  rapidly. 
However,  a  series  of  experiments  on  the  intradural  injection  of  secretin 
was  carried  out.  In  no  case  was  there  any  secretion  of  pancreatic  juice 
after  intradural  injection,  although  the  preparation  used  was  active  after 
intravenous  injection.  The  fluid  drawn  after  allowing  12  minutes  time 
for  absorption  was  also  actixie..    (See  fig.  22.)    . 

Since  the  concliifflons  are  based  on  faulty  observations  there  is,  from 
Dixon  and  Halliburton's  work,  no  evidence  regarding  the  location  or 
mechanism  of  absorption. 

T.  TBI  BrFBCT  OF  DBUGS  ON  ABTBBIAI.,  TSNOtTS  AND  TLinD  PBESSUBBS 
Drugs  aHmvlating  the  tecreHon  of  glandvlar  orgaru 

a.  PHacarpine.  Literaiure;  Of  all  the  drugs  having  the  power  of 
stimulating  the  secretory  mechanism  of  animals  to  activity,  pilocarpine 
possesses  this  action  to  the  highest  degree.  To  a  slighter  degree  this 
ipower  is  shown  also  by  eeerine,  nicotine  and  arecolin.  Thus  if  a  secre- 
tory response  on  the  part  of  the  mechanism  forming  the  fluid  is  to  be 
expected  in  any  case,  it  is  to  be  expected  of  pilocarpine. 

Cappelleti  (2)  studied  the  outflow  of  fluid  by  the  fistula  method  and 
concluded  that  pilocarpine  stimulated  the  outflow  of  fluid. 

Dixon  and  Halliburton  (11)  in  their  first  paper  were  very  doubtful  in 
regard  to  the  stimulating  action  of  pilocarpine  on  the  mechanism  fonn- 
ing  the  fluid,  and  listed  this  drug  among  those  where  Uie  true  result 
might  be  masked  by  respiratory  or  vascular  changes. 
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These  same  authors  (12)  in  their  second  article  concluded  that  pilo* 
oarpine  had  a  direct  stimulating  effect  upon  the  mechanism  forming 
the  fluid,  for  they  believe  to  have  shown  the  fluid  pressure  to  be  inde- 
pendent of  the  cerebral  venous  pressure. 

TABLE u 
Thii  tabU  thowa  the  effect  of  the  injection  of  pilocarpine  upon  the  rortous  prettwee 
■under  eoniideration.    tfole  thai  the  behavior  of  the  preeewrei  in  the  laet  three 
exptrimtnte  ie  not  maUriidly  different  from  th«  othert,  although  the  jugulari  had 
been  tied 
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1  -  titxly. 

2  -  late  effects  of  the  drug. 

Experiments:  The  results  upon  the  cerebrospinal  fluid  pressure  are 
shown  by  table  25,  which  gives  the  results  obtained  from  fourteen  injeo- 
tions  into  dogs.    A  typical  graph  is  shown  in  figure  29. 

As  can  be  seen  from  the  table  there  may  be  in  some  a  preliminary 
eli^t  fall  in  venous  pressure  during  the  early  stages  of  the  action  of  a 
moderate  dose  of  the  drug,  but  this  gives  place  to  a  marked  rise  in  ve- 
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nous  pressure  during  the  depressor  phase  of  the  actioo  of  the  drug.  (See 
fig.  29.)  The  venous  rise  decreases,  but  pereistB  during  the  arterial 
rise  which  follows  the  typical  moderate  doee,  and  then  falls  along  with 
the  arterial  pressure.     The  fluid  pressure  follows  the  venous  by  the 


Fig.  29.  This  figure  shows  the  effect  on  arterial,  venous  and  fluid  presBures 
of  the  injection  of  a  small  dose  of  pilocarpine.  Note  the  parallel  rise  from  the 
first  of  venous  and  fluid  pressure.  The  arterial  pressure  fell,  then  rose,  and  then 
returned  to  normal. 

manometer  method.  This  is  the  usual  result,  and  thus  during  the 
period  of  increased  venous  pressure,  although  arterial  pressure  is  less 
than  normal,  an  outflow  fluid  can  be  expected  in  the  typical  case.  Any- 
one who  has  worked  on  the  fluid  is  fully  aware  of  the  fact  that  the  out- 
flow does  not  always  appear. 
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A  glance  at  figure  31  shows  wliat  occurs  in  these  cases.  Where  the 
dose  is  large,  or  the  animal  is  especially  susceptible  to  the  action  of  the 
drug,  a  marked  fall  in  venous  pressure  occurs,  a  fall  which  is  paralleled 
by  a  decrease  in  fluid  pressure.  The  cerebral  venous  and  fluid  pressures 
rise  synchronously  later  after  the  cardiac  depression  has  passed  oS. 


Pig.  31.  ThisfiKurcshowstheeffect  of  a  large  dose  of  pilocarpine,  with  power- 
ful  vagus  inhibition.  Note  that  torcular  pressure  fell  while  general  venouB 
pressure  rose.  The  total  fall  in  torcular  venous  pressure  is  not  recorded  owing 
to  the  rubber  coming  in  contact  with  the  bottom  of  the  tambour. 

Since  the  primary  action  in  the  ca«e  of  pilocarpine  is  due  to  the  vagus 
stimulation,  any  result  described  under  the  action  of  the  peripheral 
vagus  may  be  seen  early  in  the  action  of  pilocarpine.  The  later  action 
may  be  markedly  different,  depending  on  the  action  of  the  drug  on  the 
vasomotor  center. 
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Naturally  eince  we  hold  that  the  fluid  pressure  is  so  markedly  influ- 
enced by  venous  pressure,  and  since  alterations  in  the  venous  pressure 
are  sufficient  to  explain  all  the  changes  in  the  fluid  pressure  we  are  of 
the  opinion  that  stimulation  of  the  secretory  mechanism  need  not  be 
OBBumed  to  explain  all  the  chaises  in  pressures  following  the  administra- 
tion of  pilocarpine. 

On  this  point  we  agree  with  Dixon  and  Halliburton's  flrst  statement 
r^arding  the  action  of  pilocarpine  on  fluid  formation.  If  it  be  granted 
— and  it  is  undoubtedly  true — that  arterial  blood  pressure  does  influence 
the  fluid  pressure  very  markedly  in  some  animals,  not  at  all  in  others, 
another  explanation  of  these  authors'  figure  19  is  that  the  preliminary 
fall  in  fluid  pressure  was  due  to  the  fall  in  arterial  pressure  in  spite  of  the 
rise  in  venous;  the  rise  in  fluid  pressure  was  due  to  the  rise  in  arterial 
in  spite  of  and  not  because  of  the  fall  in  venous.  However,  we  saw  no 
changes  of  this  type  in  our  many  experiments.  In  our  experience  fluid 
and  venous  pressures  run  uniformly  parallel.  In  some  cases  they  varied 
with,  and  in  others  against  the  arterial  pressure.  That  torcular  pres- 
sure does  not  always  rise  with  marked  cardiac  inhibition — as  they 
assume  always  to  be  the  case — is  seen  clearly  in  figure  31. 

If  further  evidence  is  needed  to  prove  this  point  we  offer  the  follow- 
ing evidence:  In  table  25  it  will  be  noted  that  in  experiments  12,  13 
and  14  the  results  are  in  no  way  diiTerent  from  those  seen  in  the  preced- 
ing eleven  experiments.  The  pressures  felt,  then  rose  above  normal, 
Mid  then  returned  to  or  betow  normal.  The  same  period  of  time 
elapsed  in  these  that  elapsed  in  the  earlier  experiments.  Yet  these 
were  made  on  animals  with  the  jugular  hgated.  If  new  fluid  were 
formed  under  the  influence  of  pilocarpine  the  result  logically  to  be  ex- 
pected under  the  conditions  of  the  experiment  would  be  a  delay  of  the 
return  of  the  fluid  pressure  to  normal  until  after  the  veins  were  released, 
for  all  the  modem  work  tends  to  show  that  absorption  is  along  the  vein. 
As  can  be  seen  from  the  table  and  by  comparison  of  figure  29  with  fig- 
ure 30,  both  of  which  are  from  the  same  dog,  it  can  be  seen  that  t^e 
curves  of  pressure  were  exactly  the  same  whether  the  jugulars  were  or 
were  not  ligated  before  the  experiment.  As  can  be  seen  from  figure 
30,  the  ligation  of  the  jugulars  produced  an  initial  rise  in  both  pres- 
sures, the  pilocarpine  curve  was  then  superimposed  upon  this  rise,  the 
pressures  returned  to  the  new  normal  in  the  normal  time  and  then  re- 
turned to  near  the  original  normal  when  the  veins  were  released.  It  is  • 
thus  perfectly  obvious  that  all  the  changes  to  be  observed  in  the  be- 
havior of  the  cerebrospinal  fluid  find  an  explanation  in  the  mechanical 
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changes  due  to  changes  in  arterial  and  venous  pressure  in  the  ekull.  Not 
only  is  there  no  need  of  ascribing  the  chaises  to  secretion  but  there  is 
positive  evidence  against  the  secretion  of  cerebrospinal  fluid  under  the 
influence  of  pilocarpine.  We  believe  that  changes  in  the  venous  and 
arterial  pressure  are  sufficient  to  explain  the  changes  seen  in  fluid  pres- 
sure and  in  fluid  outflow  when  pilocarpine  was  injected. 

b.  Areeoline,    Arecoline  produces  the  changes  to  be  expected  if  these 
changes  are  due  to  purely  mechanical  causes  (see  fig.  32). 

c.  Nicotine.    Nicotine  also  produces  changes  which  can  be  explained 
on  a  pure^  mechanical  basis.     (See  fig.  33). 


Fig.  33.  This  figure  showa  the  effect  of  nicotine  on  all  the  preasuree. 
Drugs  inhibiting  the  secretion  of  gUiTidular  organs 

a.  Atropine.  Yoshimura  (35)  found  microscopic  chaises  in  the 
choroid  which  be  interpreted  as  the  inhibition  of  fluid  formation. 
Dixon  and  Halliburton  (11)  found  with  atropine  an  increased  outflow 
especially  if  the  drug  was  given  soon  after  tapping  the  ventricle.  This 
drag  they  classed  among  those  yielding  a  slight  increase  in  fluid 
formation. 
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Fig.  34.  This  figure  shows  the  effect  of  atropine  on  the  varioue  preuurea. 
In  each  case  a  dose  of  pilocarpine  had  been  adminiatered  previously. 
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Our  experience  with  atropine  isihst  the  result  is  exactly  what  is  to 
be  expected  from  the  alteration  in  the  venous  and  arterial  pressures. 
(See  fig.  33.) 

TABLE W 
Thil  loMe  shows  the  effect  of  the  ivjeetion  of  amyl  nitriteupoa  the  arterial,  eenotit 
and  fluid  preatwea.     It  shoot  also  the  effect  of  the  drvg  upon  the  outJUno  of  fluid, 
and  the  arterial  and  venous  preeettret 
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*  In  these  cases  a  secondeiy  preeaor  effect  followed  the  primary  depressor 
effect,  and  showed  itself  clearly  in  both  the  venous  and  fluid  apparatus. 
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Drugs  having  no  effect  an  the  teeretion  of  gUmdvlta'  organs 

a.  Amyl  Nitrite.  As  is  well  known  ainyl  nitrite  is  an  active  vasodilit* 
tor,  and  as  such  might  be  expected  to  produce  rather  marked  effects 
upon  the  fluid  pressures. 

Dixon  and  Halliburton  (11)  in  their  flrat  paper  ascribed  to  amyl 
nitrite  a  eUght  stimulating  action  upon  the  mechanism  generating  the 
fluid.  They  believed  that  this  effect  was  produced  largely  by  asphyxia. 
In  their  second  paper  these  same  authors  state  {p.  151):  "The  rise  in 
C-S  pressure  has  certainly  all  the  characteristics  of  an  independent 


Fig.  35.  Tbia  figure  shows  the  eSect  on  all  the  pressures  of  the  injection  of 
amyl  nitrite.    Note  that  all  pressures  fell. 

factor,"  which  we  interpret  to  mean  that  they  believe  fluid  formation 
to  be  stimulated  by  the  drug.  They  show  a  tracii^  in  which  the  rise 
in  fluid  pressure  was  lai^e  out  of  all  proportion  to  the  rise  in  venous 
pressure.    At  the  same  time  the  arterial  pressure  fell. 

In  table  26  we  show  our  results  in  ten  experiments  by  the  manometer 
method,  and  in  eleven  experiments  by  the  outflow  method.  Graphs  of 
typical  experiments  are  shown  in  flgures  35  and  36. 

As  can  be  seen  from  our  tables  and  figures,  the  eifects  of  amyl  nitrite 
on  venous  pressure  are,  in  our  experience,  by  no  means  the  effects  shown 
by  Dixon  and  Halliburton.    They  state;  "This  effect  (increased  fluid 
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outflow)  is  often  associated  with  a  general  rise  in  venous  presBure  includ- 
ing torcular  pressure."  In  every  one  of  the  twenty-one  cases  which  we 
show  in  our  table  there  was  a  fall  in  torcular  pressure.  In  five  of  the 
twenty-one  there  was  a  secondary  rise  above  the  normal.  It  is  to  be 
noted  also  that  in  our  table  the  fluid  pressure  ran  parallel  with  the  ve- 
nous pressure.  Sometimes  it  was  higher,  sometimes  lower,  but  always 
it  ran  a  parallel  course.  In  those  four  cases  where  the  venous  pressure 
showed  a  secondary  maximum  after  the  fall  the  fluid  showed  a  Bimilar 
maximum  above  the  normal.     So  much  for  the  pressure  method. 

If  we  turn  now  to  the  outflow  method  it  will  be  noted  that  in  only 
four  cases  of  eleven  was  there  an  increase  in  the  outflow  of  fluid  on  the 
injection  of  amyl  nitrite.  In  one  of  these  (5)  the  increase  was  preceded 
by  temporary  decrease.  The  decreased  outflow  occurred  during  de- 
creased venous  pressure.  It  must  be  pointed  out  that  an  increase  comes 
frequently  by  this  method  with  both  venous  and  arterial  pressures 
below  normal.  (See  expers.  6,  8  and  9,  table  26,  and  fig.  36.)  How 
there  can  be  an  increased  onflow  with  falling  arterial  and  venous  pres- 
sure has  already  been  explained.  The  increased  outflow  is  due  to  in- 
creased leakage  of  fluid  from  the  cerebrtd  cavity  into  the  medullary 
r^on. 

Our  conclusion  regarding  the  action  of  amyl  nitrite  is  that  all  the 
changes  observed  in  the  behavior  of  the  fluid  can  be  explained  It^cally 
by  changes  in  arterial  and  venous  pressure.  Secretion  need  not  be 
assumed  to  explain  any  of  the  facts. 

CONCLUSIONS 

1.  The  manometer  method  is  superior  to  the  outflow  method  aa  a 
means  for  studying  the  cerebrospinal  fluid. 

2.  It  is  essential  that  arterial,  venous  and  fluid  pressures  be  measured 
simultaneously  and  continuously,  if  trustworthy  evidence  regarding 
the  mechanism  of  fluid  formation  is  to  be  obtained. 

3.  Venous  and  fluid  pressures,  while  positive  in  normal  animals,  are 
always  less  than  arterial  pressure.  Venous  and  fluid  pressures  are 
almost,  but  not  exactly  equal;  no  law  can  be  given  in  regard  to  which  is 
under  the  greater  pressure. 

4.  Venous  and  fluid  pressure  vary  in  the  same  directioa,  and  to  some 
d^ree  proportionally  in  nearly  every  case;  these  pressures  may  or  may 
not  vary  in  the  same  direction  as  the  arterial  pressure. 
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5.  Raising  the  venous  pressure  raises  the  fluid  pressure;  lowering 
the  venous  pressure  lowers  the  fluid  pressure.  Therefore  the  measure- 
ment of  the  venous  pressure  is  absolutely  necessary  to  rule  out  venous 
pressure  changes,  where  the  study  of  the  fluid  is  under  consideration. 

6.  Increasing  or  decreasing  the  fluid  pressure  moderately  does  not 
alter  the  venous  pressure  unless  the  arterial  pressure  is  affected. 

7.  Ligation  of  the  arteries  entering  the  circle  of  Willis  produces  only 
passive  changes  in  the  skull  characterized  by  a  fall  in  the  arterial, 
venous  and  fluid  pressures,  with  almost  perfect  readjustment  when 
the  vessels  are  released. 

8.  Ligation  of  arteries  in  other  parts  of  the  body  produces  only 
mechanical  changes. 

9.  The  administration  of  adrenalin  produces  purely  passive  changes 
in  the  fluid  pressure,  although  rapid  outflow  follows  such  an  injection 
if  the  outflow  method  of  study  is  employed.  The  fact  that  l^ation  of 
the  jugulars  does  not  modify  the  results  either  as  regards  the  form  or 
the  duration  of  the  curves  of  pressure  change,  is  additional  evidence 
that  there  is  no  new  formation. 

10.  Arterial  pressure  can  modify  the  fluid  pressure  independent  of 
the  venous  pressure, 

11.  The  fluid  pressure  is  the  result  of  at  least  two  factors:  The  influ- 
ence of  the  venous  pressure,  plus  the  influence  of  the  arterial  pressure; 
thus  the  fluid  pressure  in  some  animals  will  be  higher  than  the  venous 
pressure. 

12.  The  effect  of  the  peripheral  vagus  upon  the  fluid  pressure  is 
exactly  what  is  to  be  expected,  if  the  changes  are  due  to  mechanical 
causes.  Increased  secretion  due  to  asphyxia  need  not  be  assumed  to 
explain  the  results. 

13.  The  greater  the  amount  of  fluid  there  is  in  the  canal  the  more 
nearly  does  the  fluid  rise  and  fall  equal  the  venous  rise  and  fall  follow- 
ing adrenahn ;  hence  the  animal  with  a  large  amount  of  fluid  in  the  canal 
will  show  greater  alterations  in  the  fluid  pressure  during  an  experiment. 

14.  Increasing  the  active  respiratory  movements  by  stimulation  of 
a  sensory  nerve  like  the  sciatic,  produces  the  changes  in  the  fluid  pres- 
sure to  be  expected  from  the  changes  in  arterial  and  venous  pressure. 
The  same  stimulation  may  produce  either  increased  or  decreased  out- 
flow of  fluid,  with  the  former  the  more  coMmon. 

15.  Inhibitir^  the  respiratory  movements  by  stimulation  of  the  su- 
perior laryngeal  or  the  central  vagus  raises  the  fluid  pressure;  but  this 
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rise  is  adequately  explained  by  the  changes  in  the  arterial  and  venous 


16>  The  increased  outflow  of  fluid  observed  during  asphyxia  is  ade- 
quately explained  by  the  rise  in  the  arterial  and  venous  pressures. 

17.  We  were  imable  to  reach  any  conclusions  regarding  the  normal 
rate  of  the  formation  of  the  cerebrospinal  fluid. 

IS.  Adrenalin  and  nicotine  are  not  absorbed  from  the  canal  rapidly 
enough  to  produce  the  characteristic  effect  upon  the  blood  pressure. 

19.  Adren^in  can  be  detected  in  the  canal  for  at  least  five  hours 
after  its  injection. 

20.  Adrenalin  is  more  rapidly  destroyed  in  vitro  by  cerebrospinal 
fluid  than  by  blood.  A  peculiarity  in  the  reaction  is  seen  in  the  fact 
that  small  quantities  of  the  fluid,  whether  diluted  or  not,  destroy  adre- 
nalin in  solution  more  rapidly  than  do  larger  quantities  of  the  fluid. 
This  "protective  action"  of  the  larger  quantity  but  not  the  destructive 
principle  is  destroyed  by  heating  the  fluid  to  65°-75°  for  30  minutes. 

21.  Secretin  has  no  effect  upon  the  pancreas  when  injected 
intradurally. 

22.  The  effect  of  pilocarpine,  when  injected  intravenously,  upon  lite 
fluid  can  be  explained  logically  by  the  effect  of  the  drug  upon  the  arterial 
and  venous  pressure  in  the  skull.  The  same  holds  true  for  nicotine 
and  arecoline. 

23.  The  effect  of  atropine  upon  the  fluid  pressure  can  be  explained 
logically  by  the  effect  of  the  drug  upon  the  arterial  and  venous  pressure 
in  the  skull. 

24.  Amyl  nitrite  always  (twenty-one  consecutive  trials)  produces  a 
fall  of  the  fluid  venous  and  arterial  pressures.  The  increased  outflow 
of  fluid,  occasionally  but  l^  no  means  always  observed,  is  due  either  to 
the  accumulation  at  the  expense  of  the  fluid  of  venous  blood  in  the  si- 
nuses with  decreased  venous  pressure,  or  is  due  to  the  increased  facility 
with  which  fluid  passes  into  the  region  of  the  fourth  ventricle  from 
distant  parts  of  the  nervous  ^3tem. 

25.  All  t^e  changes  in  the  fluid  pressure  and  fluid  outflow  which  have 
been  offered  as  proof  of  the  secretory  mechanism  of  formation  of  the 
cerebrospinal  fluids  can  be  traced  to  alterations  in  venous  and  arterial 
pressures  in  the  skull.  There  is  no  proof  that  the  fluid  is  formed  by 
secretion. 
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VI.   A   STUDY   OP  TBB   EFFECTS   OF  TISSUE  EXTRACTS 

This  series  of  experiments  was  undertaken  with  the  view  of  deter- 
mining what  effect  the  injection  of  tissue  extracts  has  on  the  cerebro- 
spinal fluid  and,  particularly,  to  ascertain  whether  or  not  they  possess 
a  specific  stimulating  action,  producing  an  actual  increase  in  the  amount 
of  fluid  produced. 

It  is  an  established  fact  that  all  tissue  extracts— excepting  adrenal 
and  posterior  lobe  of  the  hypophysis — have  a  depressor  effect  on  the 
vascular  system.  The  amount  of  the  depressor  efi'ect  varies  with  the 
extract  used — in  general  the  extract  of  those  organs  having  the  largest 
external  secretion  produce  the  most  marked  effect  (1).  There  is  one 
exception— the  extracts  of  nervous  tissue  give  as  decided  an  effect  as 
any.  In  addition  to  the  vascular  effect,  a  number  of  recent  workers 
claim  a  specific  and  direct  action  for  certain  of  the  extracts  in  causing 
an  increase  in  the  amount  of  cerebrospinal  fluid,  presumably  by  stimu- 
lation of  the  choroid  plexus.  Frazier  and  Feet  (2)  state  that  brain 
extract  increases  the  secretion  and  that  thyroid  extract  decreases  the 
secretion  from  the  choroid  plexus,  quite  independent  of  blood  pressure 
changes.  Weed  and  Gushing  (3)  conclude  that  the  extract  from  the 
posterior  lobe  of  the  hypophysis  stimulates  the  choroid  plexus,  pro- 
ducing what  they  term  a  "  choroidorrhea."  Dixon  and  Halliburton 
(4),  (5)  conclude  from  their  work  that  extracts  from  brain,  and  pw- 
ticularly  from  choroid  plexus,  cause  a  decided  increase  in  the  secretion 
of  the  fluid. 


In  a  previous  paper  (6)  it  has  been  pointed  out  that  the  conclusions 
set  forth  by  these  writers  are  open  to  criticism  because  with  the  methods 
employed,  their  observations  were  incomplete  and  thus  subject  to  gross 
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error.  In  this  series  of  experiments  the  manometer  method,  previously 
described,  was  employed  throughout,  the  outflow  method  was  em- 
ployed only  a  few  times  to  correlate  our  results  with  those  of  other 
writers.  Particular  care  was  observed  in  establishing  venous  and 
fluid  pressures  and  if  either  of  these  was  unsatisfactory  the  experiment 
was  discarded.  The  circle  of  WUlis  pressure  was  taken  in  addition  to 
the  general  arterial  pressure  but  this  worked  well  only  in  the  larger  dogs. 
All  injections  were  made  into  the  femoral  vein. 

PreparaHon  of  organ  extracts.  The  organs  and  tissues  used  in  these 
experiments  were  taken  principally  from  dogs.  The  fresh  tissues  were 
removed  promptly  from  the  animal  and  if  not  used  immediately  were 
kept  in  the  ice  box.  Th^  were  cut  into  small  pieces  and  then  thor- 
oughly ground  in  a  mortar  with  fine  sand,  and  after  being  allowed  to 
extract  for  about  one-half  hour,  with  either  Ringer's  or  isotonic  salt 
solution,  they  were  centrifugalized.  They  were  warmed  before  injec- 
tion. Most  of  the  extracts  were  made  up  to  50  per  cent  strei^h. 
The  amount  of  tissue  in  the  choroid  plexus  and  in  the  hypophysis  was 
so  small  that  these  extracts  were  made  up  so  one  cubic  centimeter 
represented  each  choroid  and  each  hypophysis.  Aqueous  humor 
and  cerebrospinal  fluid  were  taken  at  the  same  time  that  the  choroid 
plexus  and  hypophysis  were  removed  from  the  dogs — these  fluids  were 
used  without  concentration.  Extracts  were  made  of  the  following 
tissues:  lymph  gland,  ovary,  testicle,  spleen,  pancreas,  submaxillary 
and  parotid  glands,  skeletal  muscle,  heart  muscle,  kidney,  Uver,  nervous 
tissue — cerebrum,  cerebellum,  medulla,  cord  and  pineal  body — thyroid 
gland,  adrenal,  hypophysis  and  choroid  plexus.  In  addition  a  nimiber 
of  lymphogc^ues— urea,  peptone,  cane  sugar  and  strawberry  extract-^ 
were  used. 

For  the  sake  of  convenience  in  discussion  and  for  the  sake  of  brevity 
tiie  extracts  will  be  considered  in  three  groups:  o,  those  having  a 
depressor  effect  on  the  vascular  system — including  those  in  which  the 
effect  was  practically  n^ligible;  b,  those  having  a  pressor  effect;  and 
c,  those  for  which  a  specific  action  is  claimed,  so  modifying  the  activity 
of  the  choroid  plexus  that  either  an  increased  or  decreased  formation 
of  the  fluid  results. 

A  careful  tabulation  was  made  of  the  principal  changes  in  all  the 
pressures  caused  by  each  of  the  extracts  used,  and  thus  the  action  of 
any  one  of  them  can  be  seen  by  reference  to  the  proper  table.  Only 
three  readings  were  recorded  in  the  tables,  though  many  more  were 
taken.     The  first  reading  represents  the  normal  pressure  before  injec- 
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tioD,  the  second  the  maximuni  change  after  the  injection,  and  the  third 
representB  the  return  to  equilibrium.  Where  the  changes  in  the 
arterial  pressure  were  marked,  the  changes  in  the  T^ious  and  the  fluid 
pressures  were  practically  always  in  the  same  direction  tliough  not 
exactly  synchronous  as  to  point  of  time — the  maarimum  change  in  the 
latter  being  seen  only  thirty  seconds  to  forty  seconds  later  than  the 
TnftTimiim  change  in  the  arterial  pressure.  The  reason  for  this  delay 
has  already  been  discussed  adequately  (6).  In  a  considerable  number 
of  cases  there  was  an  immediate  and  temporary  rise  in  the  arterial 
pressure  following  the  injection,  amounting  usually  to  2}  mm. — this 
was  usually  accompanied  by  a  corresponding  rise  in  venous  and  fluid 
pressures.  Since  these  vascular  changes  were  not  constant,  it  was 
thought  best  to  omit  them  from  the  tables — reference  will  however 
be  made  to  tiiem  later. 

BXTBACTS  HAVING   A   DEPRESSOR   SFPECT 

The  list  of  extracts  having  a  duressor  or  a  negligible  effect  includes 
those  made  from  spleen,  pancreas,  lymph-node,  ovary,  testicle,  sub- 
maxillary, parotid,  skeletal  muscle,  heart  muscle,  kidney,  liver,  also 
fluid  and  aqueous  humor.  Thyroid,  choroid  plexus  and  brain  extract 
likewise  have  a  duressor  action,  but  for  reasons  already  stated,  vie., 
because  a  speciflc  action  has  been  ascribed  to  them  by  some  recent 
writers,  they  will  be  discussed  separately.  A  study  of  the  tables, 
table  1  to  table  3  inclusive,  shows  that  all  of  these  extracts  produce 
very  similar  changes — the  difference  being  a  quantitative  one  only. 
Hence  the  effects  produced  by  only  one  of  these — kidney — will  be  taken 
as  representative  of  \he  entire  group,  and  it  only  will  be  discussed  in 
.  detail.     The  results  from  other  extracts  are  shown  in  the  tables. 

Effed  qf  kidney  extract  on  arterial,  venoua  and  fiuid  preaaurea.  Five 
injections  of  5  cc.  each  were  made  of  kidney  extract  into  four  different 
d(^.  Two  injections  were  made  in  one  experiment  and  the  changes 
produced  ran  practically  parallel  in  all  the  pressure  tubes.  The  Erst 
injection  caused  a  fall  of  34  mm.  of  mercury  and  of  30  mm,  in  circle 
of  Willis  pressure  (see  exper.  3).  In  venous  pressure  there  was  a  fall 
of  6  mm.  (Nai  COi — 1.088  sp.  g.)  and  in  fluid  pressure  a  fall  of  6  mm. 
(NaCl — sp.  g.  1.088).  AD  the  pressures  then  rose  and  after  th^  wore 
again  Btationary  the  arterial  pressures  stood  respectively  6  mm.  and 
4  nun.  higher,  and  the  cerebrospinal  fluid  and  venous  pressure  stood 
respectively  7  mm.  and  23  mm.  higher  than  the  normal  before  the 
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injection.  The  depressor  effect  of  the  second  injection  Tras  slightly 
more  than  for  the  first — the  fall  in  arterial  pressures  being  respectively 
44  and  36  mm.  while  the  fall  in  venous  and  cerebrospinal  fluid  pressures 
were  respectively  25  and  11  mm.  (see  exper.  2  and  fig.  1).  Here  the 
recoveries  were,  with  the  exception  of  circle  of  Willis  pressure,  to 


TABLE  1 

AtietiMl 

c»c..o.w„^ 

,o«t™.^-^o™ 

B-  1     D    1     A 

B     1     D     1     A 

B     1     D    1     A 

B    1    D 

A 

I.  Kidoey  extract 


I 

160 

102 

168 

04 

76 

112 

122 

112 

142 

2 

120 

76 

120 

82 

46 

78 

127 

102 

127 

79 

68 

79 

3 

lie 

82 

122 

78 

48 

82 

82 

76 

105 

68 

U2 

75 

4 

13fi 

118 

IfiO 

130 

llfl 

138 

67 

«5 

61 

48 

47 

46 

5 

122 

88 

130 

107 

80 

US 

109 

7ft 

118 

132 

109 

144 

Average 

130.8 

93.2 

138 

99.2 

72,5 

103.2 

95.8 

79.6 

104.6 

89.8 

79.6 

97.2 

2. 

Ovary  extract 

1 

2 

g 
7 

122 
130 
156 
160 
158 
126 
118 

90 
96 
158 
158 
143 
120 
112 

132 
132 
160 
160 
160 
118 
114 

96 
104 
126 

142 
76 
70 

66 
70 
127 

12B 
73 
64 

104 

104 
128 

140 
70 
66 

50 

54 
HI 
124 

68 
251 
241 

50 
60 

118 
127 
69 
243 
240 

54 
57 
124 
122 
64 
241 
234 

47 
48 
116 

129 
48 
245 
235 

49 
49 
120 
131 
5fi 
236 
230 

47 
49 
129 
122 
49 
235 
228 

Average 

138.6 

125,3 

139.4 

102.3 

87.6 

102.0 

128.4 

129.5 

128 

123.8 

124.2 

122.7 

3.  Testicle  extract 


1 

154 

114 

146 

87 

65 

71 

IIB 

102 

105 

2 

112 

104 

108 

88 

87 

87 

94 

92 

91 

3 

104 

94 

IM 

80 

80 

80 

77 

75 

78 

288 

278 

288 

4 

104 

06 

104 

80 

70 

81 

78 

66 

65 

288 

252 

255 

Average 

118.5 

102 

115.5 

80 

75 

81.5 

82.5 

73.2 

75.2 

196.5 

181 

184.7 

exactly  the  same  levels  as  those  preceding  the  injection.  In  experi- 
ment 1  the  falls  in  pressures  were  again  practically  parallel — the  fall 
in  arterial  pressure  was  comparatively  larger  than  in  experiment  2, 
and  the  changes  in  venous  and  cerebrospinal  fluid  comparatively  less. 
These  latter  pressures  stood  higher  after  their  return  to  normal  than 


lizcdbyGoOi^Ie 


F.  C.   BECHT  AND  P.   U.  MATILL 


tiiey  were  before  the  injection  but  the  final  arterial  presBure  also  stood 
higher  than  the  initial  one.  The  changes  in  experiment  5  were  almost 
an  exact  repetition  of  those  in  experiment  1 — there  was  a  corresponding 


TABLE! 

.„.„.. 

„^.„.,^„ 

TO«^.,™. 

B|H» 

Bl-l. 

B  1  O  1  A 

B  1  D  1  A 

4.  Liver  extract 

1 

2 
3 
4 

100 
106 
15« 
114 

84 
64 
116 

78 

100 
94 
160 
108 

90 
72 

76 

78 
40 

48 

90 
72 

109 
117 
74 
123 

102 
84 
68 

100 

99 
89 
80 
117 

132 
65 

106 
72 

128 
49 
103 

58 

130 
58 

107 
65 

Average 

119 

85.5 

115.5 

79,3 

66,3 

75.3 

105.7 

88.5 

96.2 

93.7 

84,5 

90.0 

5.   Spleen  extract 

1 
2 
3 

148 
130 
166 

146 
112 
100 

158 
122 
148 

142 
115 

140 
102 

142 
110 

66 
118 
110 

69 
114 
73 

69 
88 
88 

45 
144 
140 

51 

122 
108 

49 
97 
123 

Average 

148 

119.3 

142,6 

128.5 

121 

126 

98  0 

85.3 

81.6 

109.6 

93.6 

89,6 

6.  Pancreas  extract 

1 
2 

4 
5 

130 
106 
100 
160 
144 

86 
76 
54 
70 
76 

128 
110 
74 
130 

78 

8g 

84 
90 
128 

48 

48 
76 

84 
74 
68 
120 

96 
119 

99 
130 

89 

80 
70 
52 
70 
47 

90 
71 

78' 
91 
45 

61 
79 
130 
115 
126 

46 
38 
106 
80 

88 

60 
41 
111 
65 

87 

Average 

128 

72-4 

104 

97.7 

57-3 

86.5 

106,6 

63.8 

75 

102.2 

71.4 

72.8 

7.  Submaxillary  extract 

1 
2 
3 
4 

118 
154 
124 
150 

92 
96 
90 
104 

120 
136 

126 
154 

105 

100 
138 

90 

80 
104 

114 

96 

140 

97 
118 
55 
61 

100 
92 
63 

62 

104 
106 
67 
63 

131 
117 
52 

46 

130 
100 
54 

142 
108 
62 
45 

'  Averts 

136.5 

95.5 

134 

114.3 

91.3 

117.0 

82.7 

79.2 

85 

86.7 

84 

90.2 

fall  in  each  of  the  pressures  with  a  recovery  in  each  case  to  presanrea 
higher  than  the  ones  preceding  the  injection.  In  experiment  4  there 
was  a  slight  fall  in  arterial  pressure  with  practically  no  change  in  venous 
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TABLES 

Extras  of  lymph  giartd,  parotid,  skeletal  muscle,  heart  muscle,  peptone,  ^ 
■  sugar  aoliUiotis  and  stratuberry 


.„..,.. 

CIBCLB  0»  WILLM 

— 

CBBBBSOaplHAI. 

B    j    O    U 

B     1     „|     . 

« 

-I  " 

B    1    D|    . 

8.  Lymph  gland  extract 

1 

120 

120 

112 

104 

97 

88 

102 

96 

94 

2 

162 

120 

156 

81 

63 

87 

108 

99 

114 

3 

90 

59 

80 

62 

23 

54 

87 

62 

86 

65 

47 

5« 

4 

80 

54 

76 

54 

48 

52 

86 

67 

86 

56 

45 

55 

6 

120 

108 

114 

114      96 

102 

104 

96 

102 

142 

132 

138 

6 

122 

126 

120 

92      92 

88 

71 

74 

71 

65 

68 

65 

Average 

115.6 

97.8 

109.6 

80,5  64.7 

74 

88.8 

76,5 

86.6 

89.6 

80.8 

87 

9.  Parotid  extract 

1 

137 

m 

124 

105 

83 

lb7 

106 

32 

104 

2 

90 

58 

110 

52 

56 

86 

67 

60 

90 

189 

129 

245 

Average 

113.5 

69.0 

117 

86 

71,5 

98.5 

147.5 

105.5 

174.6 

10,  Skeletal  muacle  extract 

1 

122 

R8 

124 

1<H 

SO 

108 

111 

81 

109 

138 

108 

127 

2 

147 

130 

144 

86 

82 

89 

124 

124 

126 

3 

8R 

64 

78 

54 

45 

54 

84 

74 

79 

55 

50 

53 

4 

78 

B2 

78 

54 

42 

53 

79 

69 

75 

53 

49 

51 

5 

156 

150 

156 

142 

138 

144 

65 

68 

66 

42 

47 

45 

Average 

118.2 

98.8 

116.0 

88.5 

76.2 

89,7 

85,0 

74,8 

83,6 

82.4 

75.6 

80.4 

11.  Heart  muacle  extract 

1 

112 

130 

120 

92 

102 

98 

no 

132 

119 

122 

142 

141 

2 

120 

114 

122 

99 

»4 

104 

113 

102 

111 

141 

129 

138 

3 

120 

72 

122 

94 

58 

96 

98 

83 

105 

243 

170 

268 

Average 

117.3 

105  3 

121,3 

95.0 

84.6 

99.3 

107,0 

105,6 

101,6 

168,6 

147,0 

182.3 

12.  Peptone  solution 

1 

90 

54 

66 

78 

44 

50 

67 

38 

45 

105 

69 

87 

2 

8fi 

56 

84 

95 

77 

97 

96 

58 

62 

3 

110 

90 

70 

92 

80 

60 

72 

60 

58 

43 

36 

30 

4 

150 

154 

152 

122 

126 

126 

54 

M 

.55 

56 

58 

66 

6 

152 

120 

SM 

12fi 

100 

80 

5S 

S-l 

62 

55 

100 

75 

6 

142 

18 

6fi 

132 

72 

80 

59 

-10 

36 

64 

-10 

40 

7 

82 

68 

86 

82 

78 

82 

44 

40 

46 

49 

46 

56 

Average 

116,2 

80,0 

88,2 

105.3 

83,3 

79.6 

63,7 

44,8 

57 

66,8 

61 

57.8 
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TABLES- 


X„„UL 

c.«..o,,.^ 

,.„ 

.n^. 

.™™ 

FI.DID 

B 

1  - 

1  '^ 

B 

1     D     1     A 

B 

•> 

1    * 

B 

1    ^ 

1 " 

13 

Urea  aolution 

I         |llO 

[l02 

\m 

84 

|78    |7,    Is. 

86 

1  8S 

168 

\m 

|.» 

14. 

Sugar  solution 

1         |ll8 

\m 

|120 

8S 

1  84    1  96    ln2 

n. 

|.>2 

^ 

l» 

|265 

15.  Strawberry  eirtract 

1         ]l30 

1  go 

|ll2 

04 

1  70    1  88    1  78 

66 

1  77 

139 

1- 

|,« 

Fig.  1.  This  figure  shows  the  effect  of  the  injection  of  5  cc.  of  kidney 
extract.    Note  the  perfect  return  to  normal  of  all  the  pressures. 

and  cerebrospinal  fluid  pressure;  the  final  readings  showed  the  artetial 
pressure  to  be  higher  and  the  venous  and  cerebrospinal  fluid  pressures 
lower  than  the  normal  pressures  before  the  injection. 

As  has  been  stated,  the  changes  produced  by  the  injection  of  kidney 
extract  on  the  fluid  pressures  are  quite  representative  for  all  the 
depressor  extracts.  Throughout  all  the  experiments,  the  corre- 
spondence between  venous  and  cerebrospinal  fluid  pressure  is  especially 
to  be  noted.  The  changes  are  in  the  same  direction  and  usually  com- 
parable in  amount  though  never  or  rarely  exactly  equal.  Where 
there  is  but  little  change  in  arterial  pressure,  as  when  aqueous  humor 
is  injected,  there  is  little  if  any  change  in  venous  and  fluid  pressures. 
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However,  in  the  vast  majority  of  cases,  where  there  is  a  marked  fall  in 
arterial  pressure,  there  is  a  corresponding  fall  (see  tables)  in  venous  and 
fluid  pressures.  It  has  already  been  pointed  out  that  the  low  points  in 
the  venous  and  fluid  pressures  are  not  reached  synchronously  with  that 
in  the  arterial  but  follow  the  arterial  fall  by  from  thirty  to  forty  sec- 
onds. The  time  at  which  the  low  points  m  venous  and  fluid  pressure 
ccone  depends  lai^ely  on  the  change  in  the  arterial  pressure — if  the 
arterial  pressure  rapidly  returns  to  normal  there  is  but  a  slight  fall  in 


Fig.  2.  This  figure  ehows  that  when  arterial  drop  and  recovery  occurs 
rapidly,  the  fluid  and  venous  pressures  may  change  together  but  do  not  follow 
the  arterial  change. 

the  venous  and  fluid  pressures,  following  closely  the  change  in  arterial 
pressure;  on  the  other  hand,  if  the  arterial  pressure  returns  to  normal 
slowly,  then  the  low  points  in  venous  and  fluid  pressures  are  more 
marked  and  in  point  of  time  considerably  later.  In  experiment  3, 
following  the  injection  of  5  cc.  submaxillary  extract,  there  is  a  marked 
fall  (see  table  2)  in  arterial  pressure  with  a  return  to  normal  in  about 
tlurty  seconds.  Here  there  is  no  fall  in  venous  and  fluid  pressures — 
in  fact  these  pressures  show  a  very  slight  rise  about  thirty-five  seconds 
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after  the  injection  (fig.  3).  In  experiment  4,  the  injection  of  6  cc. 
pancreas  extract  gave  a  decided  fall  in  arterial  pressure  (see  table  2) 
in  which  the  return  toward  normal  was  very  slow — here  the  lowest 
point  in  venous  and  fluid  pressure  was  not  reached  for  over  two  minutes. 
(See  fig.  4).  The  experiments  just  cited  are  the  exception  rather  than 
the  rule — but  th^  show  clearly  a  fact  which  is  not  so  evident  in  the 
averts  changes.    The  adjustment  in  the  venous  sinuses  and  fluid 


Fig.  3.  This  figure  shows  the  effect  of  the  iojection  of  5  cc.  of  submaxillaTy 
extract.  Note  that  in  this  case  the  venous  and  fluid  pressures  rose  with  the 
f^l  in  arterial  pressure.    This  ia  different  from  the  usual  result. 


Spaces  to  changed  arterial  pressure  is  not  immediate,  probably  b 
with  each  respiration  there  is  a  partial  blocking  of  the  various  pathways 
of  communication;  hence  when  there  is  a  fall  in  arterial  pressure,  some 
little  time  is  required  for  the  readjustment  of  the  venous  and  fluid 
pressures.  Thus  if  the  return  to  normal  is  rapid  as  in  experiment  4 
(kidney,  fig.  2)  there  is  not  sufficient  time  for  readjustment  in  the 
venous  and  fluid  pressures  as  there  is  in  experiment  4  (pancreas,  fig.  3) 
where  the  return  to  normal  in  arterial  pressure  is  slow.    Therefore  it 
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is  evident  that  the  low  point  for  venous  and  fluid  pressures  recorded 
in  most  of  our  experiments  is  not  the  low  point  which  is  possible  with 
such  a  fall  in  arterial  pressure  since  the  arterial  pressure  commences 
to  rise  before  sufficient  time  has  elapsed  to  allow  the  venous  and  fluid 
pressures  to  become  completely  readjusted.  These  readjustments, 
which  come  slowly  with  a  decrease  in  pressure,  may  show  little  if  any 
delay  with  a  rise  in  pressure,  because  the  resistance  offered  to  the 
redistribution  of  the  fluid  is  readily  overcome  by  increased  pressure. 
Our  observations  of  the  vascular  and  fluid  changes  following  the 
injection  of  depressor  extracts  are  directly  opposite  to  those  made  by 
Frazier  and  Peet  (2).    They  state  (page  483) : 

The  admin JBtratioD  of  any  depressor  substance  such  as  splenic  extract,  ether, 
amyl  Ditrate  (7)  or  magnesium  sulphate  caused  a  marked  drop  in  arterial  blood 
pressure  followed  by  a  slow  rise  to  normal.  Practically  coincident  with  the 
drop  in  arterial  blood  presaure  was  a  sudden  rise  in  cerebral  sinus  pressure.  This 
usually  occurred  immediately  after  the  sudden  drop,  and  not  with  it.  The  sinus 
pressure  continued  to  rise  as  long  as  the  arterial  pressure  remained  at  its  lower 
level.  As  the  femoral  pressure  gradually  returned  to  normal,  the  sinus  pressure 
slowly  dropped. 

We  do  not  doubt  that  such  changes  may  occur — we  observed  a 
similar  condition  a  few  times  (see  figs.  3  and  12)  but  we  do  not  agree 
that  this  is  the  usual  change.  Out  of  a  total  of  about  ninety  injec- 
tions of  tissue  extracts  having  a  depressor  action,  we  observed  but  a 
few  well-marked  instances  of  a  condition  which  Frazier  and  Peet  say 
is  typical.  (See  table  6,  line  8,  and  figs.  3  and  12).  They  do  not  state 
in  how  many  animals  the  observations  upon  which  they  base  their 
conclusions  were  made  and  in  none  of  their  tracings  do  they  show  a 
record  of  the  venous  changes  recorded  simultaneously  with  the  arterial 
and  fluid  changes.  Hence  the  conclusion  must  be  drawn  that  their 
opinion  was  based  on  insufficient  data,  for  in  our  paper  we  have  re- 
corded ninety  simultaneous  measurements  of  fluid  and  venous  pressures, 
and  of  this  number  only  a  very  few  agree  absolutely  with  what  the 
authors  mentioned  consider  typical. 

As  further  proof  for  our  contention  that  there  is  a  very  close  corre- 
spondence between  venous  and  fluid  pressures,  and  that  these  in  general 
follow  the  changes  in  the  arterial  pressures,  we  would  refer  the  reader 
to  figure  5  and  to  table  1  which  show  an  average  of  all  the  pressure 
changes  produced  by  kidney  extract.  It  will  be  observed  that  for 
five  injections  there  is  an  average  fall  in  the  general  and  circle  of  Willis 
arterial  pressure  of  38  and  27  mm.  respectively,  while  in  the  venous 
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Fig.  5.  This  figure  ehows  in  diagramB  the  effect  «ii  all  the  pressures  of  all 
the  tissue  estractB.  The  figures  are  the.  averages  of  the  pressures  before,  duriog 
and  after  the  action  of  the  extracts.  The  number  of  injections  made  in  each 
case  is  indicated  by  the  figure  opposite  the  name  of  the  tissue.  Note  the  marked 
parallelism  between  venous  and  fiuid  presaurea. 
'        187 
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BJid  fluid  pressures  there  is  an  average  fall  of  10  and  16mm.re8pectively. 
The  average  for  the  final  readings  of  pressures  shows  each  of  them  to 
be  h^her  than  the  initial  ones  were. 

If  we  study  in  detail  the  results  obtained  from  extracts  with 
a  depressor  action  as  shown  in  tabl^  1,  2  and  3,  we  must  observe  the 
following  facts:  In  the  case  of  ovarian  extract  considering  only  the 
averse  of  seven  experiments: 

Arterial  pressure  fell  17.1  mm.,  then  rose  18.0  mm. — a  gain  of  0.9  mm. 

Circle  of  Willis  pressure  fell  13.9  mm.,  then  rose  13.0  mm. — a  loss 
of  0.9  mm. 

Torcular  venous  pressure  fell  18.6  mm.,  then  rose  18.2  mm. — a  loea 
of  0.4  mm. 

Fluid  pressure  fell  19.4  mm.,  then  rose  18.7  mm. — a  loss  of  0.7  mm. 

In  the  case  of  testicular  extract  the  averages  of  four  experiments 
show: 

Arterial  pressure  fell  16.5  mm.,  then  rose  13.6  mm. — a  loss  of  3  mm. 

Circle  of  Willis  pressure  fell  6.0  mm.,  then  rose  6.5  mm. — a  gain  of 
1.5  mm. 

Torcular  venous  pressure  fell  9.2  mm.,  th^i  rose  2.0  mm. — a  loss  of 
7.2  mm. 

Fluid  pressure  fell  16.5  mm.,  then  rose  3.75  mm. — a  loss  of  11.75  nmi. 

In  the  case  of  liver  extract  the  averages  of  four  experiments  show: 

Arterial  pressure  fell  33.5  mm.,  then  rose  30  mm. — a  loss  of  3.5  mm. 

Circle  of  Willis  pressure  fell  24  mm.,  then  rose  20  mm. — a  loss  of  4  mm. 

Torcular  venous  pressure  fell  17.25  mm.,  then  rose  7.75  mm. — a  loea 
of  9.5  mm. 

Fluid  pressure  fell  9.25  mm.,  then  rose  5.5mm. — a  loss  of  3.75  mm. 

In  the  case  of  extract  of  the  spleen  the  averages  of  three  experiments 
show: 

Arterial  pressure  fell  29.33  mm.,  then  rose  24  mm. — a  loss  of  5.3  mm. 

Circle  of  Willis  pressure  fell  7.5  mm.,  then  rose  5  mm. — a  loss  of 
2.5  mm. 

Torcular  venous  pr^isure  fdl  0.3  mm.,  then  f^ll  4.7  mm. — a  loss 
of  14.0  mm. 

Fluid  pressure  fell  14.7  mm.,  thee  fell  4.0  mm. — a  loss  of  18.7  mm. 

In  the  case  of  extract  of  the  pancreas  the  averages  of  five  experi- 
ments show: 

Arterial  pressure  fell  55.6  mm.,  then  rose  31.6  mm. — a  loss  of  24  mm. 

Circle  of  Willis  pressure  fell  40.45  mm.,  then  rose  29.2  mm. — a  losa 
of  11.26  mm. 
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Torcular  venous  preesure  fell  42.8  nun.,  then  rose  11.2  mm. — a  loss 
of  31.6  mm. 

Fluid  pressure  fell  30.8  nun.,  then  rose  2.2  mm. — a  Iobs  of  28.6  mm. 

In  the  c&se  of  submaxillsry  extract  the  averages  of  four  experi- 
ments show: 

Arterial  pressure  feU  41.0  mm.,  tJien  rose  38.5  mm. — a  loss  of  2.5  mm. 

Circle  of  Willis  pressure  fell  23.0  mm.,  then  rose  25.3  mm. — a  gain 
of  2.3  mm. 

Torcular  venous  pressure  fell  3.0  nun.,  then  rose  5.75  nun. — a  gain 
of  2.75  mm. 

Fluid  pressure  fell  2.5  mm.,  t^en  rose  5.25  mm. — a  gain  of  2.75  nun. 

In  the  case  of  the  parotid  gland  extract  the  averages  of  two  experi- 
ments show: 

Arterial  pressure  fell  44.S  mm.,  then  rose  48.0  mm. — a  gain  of  3.5  mm. 

Torcular  venous  pressure  fell  14.5  mm.,  then  rose  27  mm. — a  gain 
of  12.5  mm. 

Fluid  pressure  fell  42  mm.,  then  rose  69  mm. — a  gain  of  27  nmi. 

In  the  case  of  lymph  gland  extract  the  averages  of  six  experiments 
show; 

Arterial  pressure  fell  17.8  mm.,  then  rose  11.8  nun. — a  loss  of  6  mm. 

Circle  of  Willis  pressure  fell  15.75  nun.,  then  rose  9.25  mm. — a  loss 
of  6.5  mm. 

Torcular  venous  pressure  fell  12.3  mm.,  then  rose  10.1  mm. — a 
loss  of  2.2  mm. 

Fluid  pressure  fell  8.5  mm.,  then  rose  5.9  mm. — a  loss  of  2.6  mm. 

In  the  case  of  skeletal  muscle  the  averages  of  five  experiments  show: 

Arterial  pressure  fell  17.4  mm.,  then  rose  35.2  mm. — a  gain  of  17.8  mm. 

Circle  of  Willis  pressure  fell  12.3  mm.,  then  rose  13.5  mm. — a  gain 
of  1.2  mm. 

Torcular  venous  pressure  fell  10.2  nun.,  then  rose  8.6  nun. — a  loss 
of  1.6  mm. 

Fluid  pressure  fell  6.8  mm.,  then  rose  4.8  mm. — a  loss  of  2  mm. 

In  the  case  of  cardiac  muscle  the  averages  of  three  experiments  show: 

Arterial  pressure  fell  16.5  mm.,  then  rose  16.75  mm. — a  gam  of 
0.25  mm. 

Circle  of  Willis  pressure  fell  11.8  mm.,  then  rose  14.3  mm. — a  gain 
of  2.5  mm. 

Torcular  venous  pressure  fell  6.9  mm.,  then  rose  7.8  mm. — a  gain 
of  0.9  mm. 

Fluid  pressure  fell  12.3  mm.,  then  rose  16.3  mm. — a  gain  of  4  mm. 
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In  the  case  of  peptone  solution  the  averages  of  seven  experiments 
ehow: 
Arterial  pressure  fell  36.2  mm.,  then  rose  8.2  mm. — a  loss  of  28  mm. 
Circle  of  WilUs  presaure  fell  22.0  mm.,  then  fell  4.0  mm.— a  loss 
of  26  mm. 

Torcular  venous  pressure  fell  17.4  mm.,  then  rose  10.8  mm.~a  loss 
of  6.6  mm. 
Fluid  pressure  fell  15.8  mm.,  then  rose  6.8  mm. — a  loss  of  9.0  mm. 
A  study  of  the  results  of  tables  1 , 2  and  3  as  just  completed  brings  out 
convincingly  the  fact  that  in  every  case  where  there  was  a  decrease  in 
venous  pressure  there  was  at  the  same  time  a  decrease  in  fluid  pressure; 
when  there  was  an  increase  in  venous  pressure  there  was  at  the  same 
time  an  increase  in  fluid  pressure.  These  pressures  always  vary  in  the 
same  direction.  If  after  the  fall  the  venous  pressure  rose  above  the 
original  level,  as  was  the  case  in  extracts  of  the  kidney,  submaxillary 
gland  and  parotid  gland,  and  cardiac  muscle,  the  level  of  the  fluid  rose 
above  the  original  level;  if  after  the  fall  the  venous  pressure  remained 
below  the  original  level  during  the  period  of  observation,  as  was  the 
case  following  the  injection  of  extracts  of  ovary,  testicle,  liver,  spleen, 
pancreas,  lymph  gland,  skeletal  muscle  and  peptone,  the  fluid  remained 
below  the  original  level.  This  parallelism  certainly  is  more  than  a 
coincidence.  Further,  in  one  case,  the  spleen,  the  arterial  pressure  fell 
and  then  rose,  but  the  venous  pressure  instead  of  rising  as  is  ordinarily 
the  case  after  depressor  extracts  continued  to  fall  although  the  arterial 
pressure  was  rising.  It  will  be  noted  that  the  fluid  pressure  continued 
to  fall  with  the  venous  pressure  rather  than  rising  with  the  arterial 
pressure.  Since  it  has  already  been  shown  that  changing  venous  pres- 
sure by  a  moderate  amount  changes  fluid  pressure  in  the  same  direction, 
and  to  some  degree  proportionally,  but  changing  the  fluid  pressure  by 
less  than  100  mm,  of  salt  solution  does  not  alter  the  venous  pressure,  it 
is  evident  that  the  determining  factor  for  the  fluid  must  be  venous  pres- 
sure and  therefore  the  fluid  pressure  changes  because  of  the  changes 
in  venous  pressure.  All  the  changes  observed  here  can  be  explained 
readily  on  a  mechanical  basis  and  it  is  not  necessary  to  invoke  a  theo- 
retical increased  or  decreased  activity  of  the  mechanism  producing  the 
fluid  in  order  to  explain  all  the  phenomena  observed.  The  extracts 
when  given  intravenously  produce  certain  changes  in  the  venous  pres- 
sure, and  these  changes  in  venous  pressure  determine  the  behavior  of 
the  fluid.  This  gives  a  purely  mechanical  explanation  for  the  behavior 
of  the  fluid  following  the  injection  of  tissue  extracts.    This  is  the  conclu- 
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sion  already  reached  by  Frazier  and  Peet  (2),  althoi^h,  as  has  been 
pointed  out,  their  ideas  regarding  the  behavior  of  the  venous  pressure 
are  the  opposite  of  those  actually  observed  by  us  in  practically  every 
one  of  ninety  injections  of  extracts  of  various  o^ans.  Experiments  on 
other  parte  of  the  field  (6)  show  that  the  behavior  of  venous  pressure  is 
the  same  no  matter  whether  the  manometer  or  the  outflow  method  of 
studying  the  behavior  of  the  fluid  is  employed. 

This  relationship  between  all  the  presBures,  as  shown  by  the  averages 
of  all  of  the  injections  of  any  one  extract,  serves  to  show  what  will  be 
observed  following  injection  of  any  depressor  extract — namely,  that  the 
changes  produced  in  the  fluid  are  mechanical,  and  that  they  are  depend- 
ent primarily  on  venoue  changes.  Allowing  for  the  error  in  the  method 
employed,  all  the  changes  observed  in  the  fluid  following  the  injection 
of  depressor  extracts  can  be  accounted  for  by  the  changes  in  the  venous 
pressure.  The  venous  pressure  is,  it  is  true,  ultimately  dependent  upon 
the  arterial  pressure,  but  can  and  does  undergo  variations  independent 
of  arterial  pressure,  and  while  it  has  been  shown  that  arterial  pressure 
influences  fluid  pressure  the  chief  influence  is  still  by  way  of  the  venous 
pressure.  Our  series  of  experiments  gives  abundant  evidence  that  ar- 
terial and  venous  changes  do  not  necessarily  run  parallel  (6),  particu- 
larly where  the  changes  are  comparatively  small.  Therefore  it  will  be 
seen  that  for  any  adequate  interpretation  of  the  changes  taking  place  in 
t^e  fluid  pressure,  it  is  absolutely  necessary  to  know  what  changes  are 
taking  place  simultaneously  in  the  venous  sinuses  of  the  skull.  Gen- 
eral venous  pressure  elsewhere  in  the  body  has  no  bearing  on  this  ques- 
tion, as  was  shown  in  an  earlier  paper. 

The  lymphagogues  are  in  the  same  class  as  the  extracts  already  dis- 
cussed. The  effect  produced  by  them  on  the  fluid  pressure  was  in 
every  way  comparable  to  the  changes  produced  by  the  tissue  extracts, 
insofar  as  they  produce  any  vascular  effects.  Peptone  caused  a  de- 
cided fall  in  arterial  pressure  and  consequently  marked  changes  in  the 
fluid  pressure.  Sugar  caused  little  vascular  change  and  therefore  little 
change  in  the  fluid  pressure,  showing  that  whatever  the  change,  the 
result  was  purely  mechanical. 

How,  then,  if  arterial  and  venous  pressures  both  fall  following  the 
injection  of  most  tissue  extracts  instead  of  the  former  falling  and  the 
latter  risii^  as  is  stated  by  Frazier  and  Peet,  can  we  explain  the  mech- 
anism of  increased  outflow  of  fluid  following  the  injection  of  these  ex- 
tracts? That  the  intravenous  injection  of  these  extracts  produces  an 
increased  outflow  of  fluid  at  least  temporarily  is  not  to  be  doubted.     In- 
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creased  venoua  pressure,  if  such  could  be  shown,  would  furnish  the  vis  a 
tergo,  but  we  have  shown  that  venous  pressure  as  well  as  fluid  pressure 
falls  instead  of  rising,  so  some  other  explanation  must  be  sought.  The 
changes  recorded  by  Frazier  and  Peet  are  much  greater  than  we  secured 
with  the  animal  on  his  side.  Aa  was  pointed  out,  the  position  they 
used  f avoried  the  escape  of  prefomied  fluid  by  makii^  the  point  of  drain- 
age the  lowest  point  in  the  system.  We  believe  that  using  the  outflow 
method,  tissue  extracts  produce  their  effect  by  reducing  arterial  and 
venous  pressure,  thus  shrinking  the  sinuses  and  permitting  the  fluid  in 
the  cerebral  cavity,  which  up  to  this  time  has  been  prevented  from 
passing  the  strait,  at  the  region  of  the  mid-brain,  to  pass  into  the  region 
of  the  fourth  ventricle  and  out  through  the  needle.  If  this  is  true  then 
dogs  with  no  fluid  over  the  cerebrum  will  give  negative  results.  Any 
worker  will  testify  that  many  animals  fail  to  show  an  increase.  One 
further  possibility  has  been  pointed  out :  If  the  resistance  offered  by  the 
fluid  in  passing  through  the  needle  is  less  than  that  offered  by  the  ven- 
ous blood  in  passing  by  natural  channels  (veins)  to  the  heart,  then  the 
amount  of  blood  accumulating  in  the  sinuses  would  increase  at  the  ex- 
pense of  the  fluid.  The  accumulation  of  blood  would  thus  displace  an 
equal  amount  of  fluid,  thus  setting  up  a  pseudo-secretion  without  a  rise, 
or  perhaps  even  with  a  fall  of  venous  and  fluid  pressures.  The  condi- 
tions present  in  Frazier  and  Peet'a  experiments  are  almost  ideal  for  this 
mechanism  of  outflow  for  the  fluid  has  only  to  flow  under  the  influence 
of  gravity  down  the  plane  offered  by  the  nervous  system  and  meninges 
to  escape.  The  graduated  tube  adjusted  level  offers  some  resistance 
but  very  little  in  the  outward  direction,  and  this  little  is  easily  over- 
come by  the  influence  of  gravity. 

We  are  convinced  that  the  effect  of  tissue  extract  upon  fluid  outflow 
is  simply  to  facilitate  the  escape  of  preformed  fluid,  either  by  making 
the  transit  of  fluid  past  the  various  straits  easier  or  by  producing  a  con- 
dition whereby  venous  blood  accumulates  in  the  skull  at  the  expense  of 
the  fluid.  This  is  the  conclusion  reached  by  Frazier  and  Peet  in  their 
study  of  the  tissue  extracts  thus  far  reported,  but  our  conception  of  the 
mechanism  involved  is  different  from  theirs,  theirs  being  founded  upon 
the  erroneous  idea  that  venous  pressure  rises  in  the  skull  just  after  the 
fall  in  arterial  pressure,  whereas  our  work  shows  that  venous  pressure 
falls  along  with  arterial  in  almost  every  case. 
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EXTRACTS  HAVING  A   PEESSOR  EFFECT 

Extracta  from  the  adrenal  and  from  the  pOBterior  lobe  of  the  hypoph- 
yais  produced  a  pressor  effect  on  the  vascular  system.  Since  hypoph- 
ysis extract  is  claimed  to  have  a  specific  action  on  the  choroid  plexus, 
(3)  it  will  be  discussed  under  the  third  group.  Only  a  few  extracts  were 
made  from  the  adrenals  because  the  effect  produced  by  the  fresh  extract 
was  entirely  comparable  with  that  of  the  commercial  preparation,  but 
less  active.  Hence  for  additional  data  we  refer  the  reader  to  the  tables 
in  another  article  (6),  which  give  the  changes  produced  by  adrenalin 
chloride.  The  rise  in  arterial  pressure  following  injection  was  accom- 
panied by  a  corresponding  rise  in  venous  pressure  and  cerebrospinal 
fluid  pressure,  the  fall  in  arterial  pressure  by  parallel  decline  in  venous 
and  fluid  pressures.  The  changes  in  the  fluid  pressure  with  adrenal 
extract  are  so  obviously  dependent  on  the  vascular  changes  that  workers 
are  agreed  that  the  changes  are  mechanical.  Since  the  arterial  changes, 
particularly  after  atropine,  are  usually  very  pronounced  and  continue 
for  a  relatively  short  time,  a  closer  relationship  is  to  be  seen  between 
arterial  and  fluid  changes  because  the  venous  pressure  follows  the  ar- 
terial more  closely.  Therefore,  even  though  previous  workers  did  not 
record  venous  pressure,  they  nevertheless  arrived  at  the  correct 
conclusion. 

EXTRACTS  SAID  TO  HAVE  A  SPECIFIC  ACTION  ON  THE  RATE  OF  FORMATION 
OF  THE    CEREBROSPINAL   FLUID 

Pressor  extracts 

Extracts  of  the  pituitary  and  the  adrenals.  In  accordance  with  the 
principles  laid  down  in  the  earlier  work,  it  is  held  that  before  it  is  neces- 
sary to  ascribe  an  increaaed  fluid  pressure  or  an  increased  fluid  outflow 
to  an  increased  rate  of  formation  of  fluid,  all  of  the  physical  factors 
capable  of  producing  such  change  must  be  measured  and  shown  to  be 
unchanged,  or  altered  in  such  manner  as  to  produce  a  change  oppo- 
site to  that  noted  in  the  fluid.  It  has  already  been  shown  that  altera- 
tions in  the  venous  pressure  invariably  produce  a  change  in  the  fluid 
pressure  in  the  same  direction  and  to  some  degree  proportionally. 
Arterial  pressure  modifies  the  fluid  pressure  in  some  cases,  but  does  not 
modify  it  in  others,  the  determining  factor  being  the  amount  of  fluid  in 
the  canal :  with  a  large  amount  of  fluid  in  the  canal  the  fluid  pressure 
rises  or  falls  with  the  arterial,  with  a  small  amount  of  fluid  in  the  canal 
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the  arterial  presBure  loses  its  effect  because  the  dilatation  and  constric- 
tion in  the  artery  are  not  sufGcient  to  affect  the  fluid  pressure,  for  all  the 
force  is  carried  by  the  arterial  wall  without  much  if  any  dilatation,  and 
so  the  force  is  not  transmitted  to  the  fluid.  The  question  of  the  change 
of  pressure  in  the  artery  would  not  enter  to  any  degree,  if  at  all,  in  the 
outflow  method,  for  most  of  the  excess  of  fluid  has  escaped  before  the 
experiment  is  begun.  It  seems  highly  improbable  that  the  alteration 
in  the  volume  in  the  arterial  side  of  the  capillary  due  to  increased  ar- 
terial pressure  will  to  any  degree  equal  the  amount  of  chaise  produced 
by  the  dilatation  of  the  vein  produced  by  increased  accumulation  of 
blood  in  the  sinuses  by  increased  venous  pressure.  The  influence  of 
respiration  has  already  been  adequately  discussed.  It  was  shown  to 
be  variable,  both  as  regards  amount  and  character  of  change.  Some- 
times there  is  an  increased,  sometimes  a  decreased  outflow,  depending 
upon  whether  there  was  free  or  difficult  communication  between  the 
various  cavities,  and  as  to  whether  there  was  much  or  little  fluid  stored  in 
one  of  the  cavities  shut  away  from  the  eiatema  magna  by  the  position 
of  the  brain  and  medulla.  Thus  it  becomes  clear  that  it  is  absolutely 
necessary  that  venous  and  arterial  pressure  and  the  influence  of  respi- 
ration be  measured  in  every  case  before  the  signiflcance  of  the  rise  in 
fluid  pressure,  or  the  increase  in  the  outflow  can  be  properly  estimated. 

Applying  this  knowledge  to  the  effects  of  the  injection  of  extracts  of 
the  pituitary  and  of  the  adrenal  upon  the  formation  of  fluid,  it  is  neces- 
sary that  a  careful  study  of  the  behavior  of  all  these  pressures  be  made 
in  order  to  ascertain  whether  anything  more  than  pure  mechanical 
factors  are  involved  in  the  rise  in  the  fluid  pressure  and  the  increased 
outflow  of  fluid  from  the  canal  after  the  injection  of  pituitary  extract 
OF  adrenalin. 

A  survey  of  the  recent  literature  shows  that  there  are  divei^ent  opin- 
ions regarding  the  influence  of  extracts  of  the  pituitary  on  the  formation 
of  the  fluid.  Weed  and  Gushing  (3)  conclude:  "Extractsof  the  pos- 
terior lobe  of  the  hypophysis  increase  the  rate  of  production  of  cerebro- 
spinal fluid  (choroidorrhea)  by  stimulating  the  secretory  activity  of 
the  choroid  plexus."  Dixon  and  Halliburton  classify  pituitary  extract 
with  substances  producing  "do  increase  or  diminution"  in  outflow  (p. 
239).  Later  (5)  they  agree  with  Weed  and  Gushing  that  in  animals 
breathing  naturally,  pituitary  extracts  produce  an  increased  outflow  of 
fluid,  but  assert  that  if  the  animal  is  deeply  anesthetized  and  venti- 
lated artificially,  pituitary  extracts  produce  no  increased  outflow. 
They  ascribe  the  increased  outflow  seen  in  the  normally  breathing  ani- 
mal to  asphyxia  because  of  bronchial  constriction. 
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Regarding  the  influence  of  adrenalin,  Dixon  and  Halliburton  state: 
"A  sudden  rise  in  arterial  pressure  such  as  is  produced  by  adrenalin  in 
dogs  with  cut  vagi,  will  produce  a  mechanical  pressing  out  of  accumu- 
lated fluid."  Earlier  observers,  particularly  Spina  (7),  were  of  the 
opinion  that  adrenalin  increased  the  fluid  outflow  by  increasing  the 
transudation  through  the  pial  vessels. 

It  is  thus  evident  that  there  is  a  divergence  of  opinion  in  regard  to 
the  action  of  these  drugs.  We  do  not  know  whether  or  not  there  is  an 
increase  in  the  amount  of  fluid  formed ;  or  if  there  is  an  increase,  whether 
the  increase  is  due  to  accelerated  secretion  due  to  stimulation  or  in- 
creased transudation.  If  there  is  increased  stimulation  of  the  secretory 
mechanism,  we  do  not  know  from  the  literature  whether  there  is  an 
active  principle  found  in  the  pituitary  stimulating  the  cells  specifically 
or  -whether  the  extract  of  pituitary  produces  its  effect  indirectly  by 
asphyxia.  Granting  for  the  time  being  the  unification  of  views  sug- 
gested by  Dixon  and  Halliburton  for  the  differences  between  their  find- 
ings and  those  of  Weed  and  Gushing,  and  thus  granting  that  in  the 
naturally  breathing  animal  there  is  an  increased  formation  of  fluid  as 
manifested  by  increased  outflow  by  the  outflow  method,  or  increased 
pressure  by  the  manometer  method,  an  exhaustive  study  of  the  be- 
havior of  arterial,  venous  and  fluid  pressures  must  be  made  in  order  to 
rule  out  the  possibUity  of  the  change  being  purely  mechanical. 

Regarding  adrenalin  Dixon  and  Halliburton  say:  "A  sudden  rise  of 
'  arterial  pressure,  such  as  is  produced  in  dogs  with  cut  vagi,  will  produce 
a  mechanical  pressing  out  of  accumulated  fluid"  (p.  239),  a  finding  with 
which  we  agree  absolutely. 

Since  pituitary  and  adrenal  extracts  both  contain  an  arterial  pressor 
substance,  and  since  changes  in  arterial  pressure  produce  so  frequently 
chaises  in  other  parts  of  the  vascular  system,  particularly  in  the  venous 
circulation  in  the  skull,  which  has  already  been  shown  markedly  to 
influence  the  behavior  of  the  fluid,  the  question  naturally  arises  as  to 
whether  the  assumption  that  pituitary  extracts  have  a  stimulating  ef- 
fect, while  the  adrenalin  has  only  a  mechanical  effect  upon  the  fluid,  is 
lexical. 

Of  course  it  is  well  known  that  there  are  some  marked  differences 
between  the  actions  of  adrenalin  and  extracts  of  the  pituitary:  Adre- 
nalin has  been  shown  (8)  to  stimulate  the  secretion  of  the  salivary  and 
lachrymal  glands  supposedly  with  increased  circulation  in  the  former 
(9)  although  secretion  in  most  glands  is  depressed  by  the  powerful  vaso- 
constriction (10).     Pituitary  extracts  are  said  to  depress  the  secretion 
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of  the  submaxillary  partly  by  vasoconstriction,  partly  by  direct  de- 
pression of  the  salivary  cells  (9).  Thus  it  is  clear  according  to  the  lit- 
erature that  adrenalin  stimulates,  extracts  of  the  pituitary  depress 
secretion  of  the  salivary  glands,  exactly  the  opposite  of  the  findings  in 
the  case  of  the  cells  forming  the  cerebrospinal  fluid,  where  adrenalin  has 
no  effect  and  pituitary  extract  stimulates  them  to  greater  activity. 

There  is  almost  as  much  difference  between  the  effects  of  these  drugs 
upon  blood  pressure  as  upon  salivary  secretion:  Adrenalin  intraven- 
ously produces  a  rapid  rise  in  the  blood  pressure  which  begins  in  three 
to  ten  seconds,  reaches  a  maximum  five  to  ten  seconds  later,  and  dis- 
appears in  twenty  seconds  to  two  minutes.  Except  for  the  latent 
period  all  these  phases  are  modified  by  the  dose  employed  and  by  the 
action  of  the  vagi.  Pituitary  extracts  frequently  produce  a  fall,  and 
then  a  slow,  long-continued  rise.  The  former  is  not  constant  and  may 
be  due  to  some  extraneous  material  in  the  preparation.  Therise begins 
in  less  than  a  minute  and  lasts  five  to  thirty  minutes.  Secondary  rises 
aiter  the  first  are  not  uncommon.  The  point  of  action  as  well  as  the 
character  of  the  curves  is  different:  both  drugs  act  peripherally.  Ad- 
renalin is  believed  to  act  on  the  physiological  sympatheticnerve  endings. 
The  physiological  endings  must  be  affected  because  the  action  of  adre- 
nalin is  prevented  or  reversed  by  the  previous  action  of  apocodeine  (11) 
and  ergotoxine  (12).  If  the  point  of  action  were  the  muscle,  the  reac- 
tion would  be  the  same  both  before  and  after  these  drugs.  Further 
Maass  (13)  has  shown  that  the  accelerator  (sympathetic)  nerves  to 
the  heart  carry  vasodilator  fibers  to  the  coronary  arteries.  Langen- 
dorff  (14)  has  shown  that  the  effect  of  adrenalin  on  the  coronary  area  is 
dilatation,  not  constriction.  These  two  facts  are  further  support  for  the 
idea  that  adrenalin  acts  on  the  sympathetic  ending  and  not  on  the  mus- 
cular wall,  for  we  have  no  reason  to  believe  that  the  muscles  of  the  coro- 
nary vessels  differ  essentially  from  those  of  other  vessels.  That  the 
action  of  adrenalin  does  not  depend  upon  the  anatomical  nerve  endings 
is  shown  by  the  fact  that  the  drug  has  a  typical  effect  upon  a  part  when 
the  nerve  endings  have  degenerated  after  section  of  the  nerve  (15). 
Pituitary  extract  acts  upon  the  muscle  of  the  wall  for  its  effect  is  typi- 
cal after  apocodeine  and  ergotoxine.  In  addition  to  the  points  already 
discussed  there  is  another  marked  difference  between  adrenal  and  pitui- 
tary extracts  in  their  effects  upon  the  blood  pressure:  Adrenalin  not 
only  produces  its  effect  repeatedly,  but  almost  quantitatively  (16). 
Pituitary  extracts  produce  practically  no  effect  on  a  second  injection 
immediately  after  the  blood  pressure  has  returned  to  normal  after  a 
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first  injection.  Some  claim  there  may  even  be  a  reversal  of  the  curve 
on  repeated  iDJections  (17),  others  claim  that  the  effect  may  be  repro- 
duced if  the  doses  employed  are  small  and  the  injection  is  not  repeated 
until  about  a  half  or  three-quarters  of  an  hour  has  elapsed  (18).  Thus 
there  are  enough  differences  between  the  action  of  adrenalin  and  pitui- 
tary extract  to  warrant  the  belief  that  one  might  stimulate  some  cells 
to  increased  secretion,  the  other  might  produce  increased  outflow  by 
purely  mechanical  means. 

Under  the  belief  that  the  truth  regarding  all  the  factors  can  be  ar- 
rived at  only  by  the  study  of  rather  a  lai^e  number  of  eases,  we  under- 
took the  work  on  a  number  of  dogs.  Using  the  manometric  method, 
twelve  injections  of  fresh  extracts  of  dog  pituitary  were  made  into 
eleven  dogs.  Five  were  extracts  of  the  entire  organ,  three  were  ex- 
tracts of  the  anterior,  four  of  the  posterior  lobes,  four  injections  were 
made  with  proprietary  preparations  from  various  drug  houses  (table  4). 

In  experiment  1  the  extract  of  the  entire  hypophysis  of  one  dog  was 
injected.  There  was  first  a  pressor  effect,  and  there  were  simultaneous 
rises  in  venous  and  fluid  presEiures.  In  experiment  2  a  similar  injection 
gave  first  a  slight  depressor,  but  later  a  pressor  effect  on  arterial  pres- 
sure. This  rise  may  have  been  due  in  part  to  asphyxia,  for  the  animal 
ceased  breathing  for  a  time.  And  here  as  before  both  venous  and  fluid 
pressures  rose  simultaneously.  In  experiment  3  the  injection  of  5  cc. 
of  the  extract  gave  an  immediate  pressor  arterial  effect  followed  by  a 
long-continued  high  pressure.  The  rises  in  fluid  and  venous  pressures 
were  again  simultaneous  and  practically  equal  in  amount.  In  all  the 
experiments  described  the  final  pressure  readings  were  all  higher  than 
the  normal  preceding  the  injection.  In  experiment  4  the  injection  of  5 
cc,  of  extract  of  hypophysis  produced  a  depressor  arterial  effect  accom- 
panied by  a  rise  in  venous  and  fluid  pressures,  here  the  final  readingfor 
arterial  pressure  was  lower  than  the  initial  one,  but  the  venous  and  fluid 
pressures  were  higher.  It  is  well  to  note  again  at  this  point,  as  was  done 
in  the  earlier  paper,  that  arterial  and  venous  pressures  do  not  always 
run  parallel.  This  is  true  after  the  injection  of  pituitary  as  well  as 
for  other  extracts.  This  experiment  is  very  similar  vo  the  results  with 
choroid  plexus  extract  in  experiment  8  in  which  the  high  point  of  fluid 
and  venous  pressures  came  with  the  low  point  in  arterial  pressure  (see 
fig.  12),  and  agrees  with  what  Frazier  and  Feet  believe  to  be  the  usual 
result  with  depressor  extracts.  A  second  injection  of  hypophysis  ex- 
tract in  this  same  animal  (exper.  5)  gave  practically  opposite  results. 
There  was  a  slight  pressor  effect  on  arterial  pressure  accompanied  by  a 


lizcdbyGoOi^Ie 


148 


F.   C.    BECHT  AND   P.   H.   UATILL 


Blight  fa]t  in  venous  and  fluid  pressures.  The  final  readings  in  arterial 
pressure  were  slightly  le^  than  the  initial  pressure,  while  the  venousand 
fluid  pressures  were  practically  the  same.  The  variability  shown  in  the 
two  injections  of  the  same  extract,  into  the  same  animal,  emphasizes 
again  the  importance  of  taking  the  venous  pressure  simultaneously  with 

TABLE « 
Extract  of  hypophyaia 


_L!Li_ 


■  I  -  I 


B     I     D 


■■  I 


Entire  bypopbysie 


1 

lfi2 

183 

165 

120 

132 

127 

145 

159 

160 

162 

168 

170 

2 

134 

132 

150 

77 

go 

95 

109 

110 

130 

3 

132 

160 

146 

100 

136 

124 

83 

112 

109 

85 

108 

107 

4 

140 

124 

126 

90 

117 

101 

105 

118 

111 

5 

150 

156 

140 

75 

72 

77 

88 

83 

87 

Posterior  lobe  extracts 


1 

146 

172 

160 

84 

144 

120 

276 

356 

304 

257 

321  274 

2 

84 

106 

78 

62 

80 

62 

253 

239 

230 

138 

187  142 

3 

112 

194 

146 

82 

164 

112 

89 

149 

140 

87 

143  140 

4 

150 

186 

90 

114 

152 

72 

129 

81 

84 

142 

98  114 

Commercial  extracta  ot  pitu 

tary 

1 
2 
3 
4 

106 

88 
124 

108 

160 
106 
128 
158 

116 
16 
124 
110 

100 

78 

104 
106 

100 
66 

107 
96 

108 
59 

122 
97 
129 
149 

110 

98 
110 
85 

69 

98 
106 
193 

70 

127 
129 
285 

66 
90 
109 
192 

Average 

125.8 

151.1 

119.7 

92.5 

127.2 

97.9 

122.1 

144.0 

131.0 

126.0 

149.7 

133.2 

Anterior  lobe  extracts 


1 

152 

154 

156 

118 

119 

119 

309 

315 

321 

282 

288 

296 

2 

124 

118 

128 

92 

94 

104 

111 

103 

91 

153 

148 

138 

3 

72 

82 

88 

54 

54 

66 

241 

270 

262 

124 

140 

105 

the  other  pressures,  for  without  knowing  the  changes  taking  place  in  the 
venous  sinuses,  the  explanation  of  the  changes  in  the  fluid  can  be  guess- 
work only. 

Anterior  lobe  extrads.    Extracts  of  anterior  lobe  were  used  in  three 
experiments:  Little  vascular  change  was  produced  by  these  extracts 
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and  the  changes  in  arterial,  venous  and  fluid  pressures  were  all  parallel. 
These  changes  in  preSBure  were  typical  and  are  to  be  explained  on  a 
purely  mechanic^  basis. 

Posterior  lobe  extract.  In  experiment  12  the  injection  of  2  cc.  posterior 
lobe  extract  gave  iilimediate  and  loi^-continued  pressor  effect  (see  fig. 
6).  The  venous  and  fluid  pressures  rose  simultaneously  with  the  ar- 
terial and  the  high  point  in  all  of  them  w^  reached  at  practically  the 
same  time.  The  fall  in  all  the  pressures  was  gradual  but  in  every  case 
the  final  readings  were  slightly  higher  than  the  initial  ones.  A  study 
of  the  tracing  will  show  the  close  relationship  of  all  the  pressures  and 
particularly  of  the  venous  and  fluid  pressures.  The  comparatively 
greater  rise  in  circle  of  Willis  pressure  as  compared  to  general  arterial 
pressure  following  the  injection  of  posterior  lobe  extract  is  a  stiikii^ 
feature  of  this  tracing.  This  effect  appears  to  be  quite  common  after 
pituitary  injections,  but  its  significance  is  not  understood.  In  experi- 
ment 2  the  injection  of  2  cc.  posterior  lobe  extract  gave  an  immediate 
though  comparatively  short  pressor  effect.  There  was  a  corresponding 
rise  in  fluid  but  little  rise  in  venous  pressure.  The  final  readii^  showed 
the  fluid  pressure  to  be  comparatively  higher  than  either  the  venous  or 
arterial.  This  might  be  interpreted  as  an  actual  increase  in  fluid  due 
to  secretion  but  we  do  not  believe  it  is:  this  increase  in  fluid  is  the  ex- 
ception rather  than  the  rule.  It  should  appear  more  frequently  than 
once  in  fourteen  injections;  further  the  same  change  is  observed  in  the 
case  of  other  extracts.  See  line  9  in  table7showing  the  effect  of  thyroid 
injections.  The  increase  is  verysmallin amount  (1  cm. on  the  manom- 
eter equals  0.03  cc.)  and  therefore  after  allowing  for  error  in  the 
method,  the  increase  is  n^ligible.  Further  we  know  that  a  rise  in 
arterial  pressure  can  produce  a  rise  in  fluid  pressure. 

In  experiment  3  the  injection  of  4  cc.  posterior  lobe  extract  gave  an 
immediate  short  pressor  effect,  followed  by  a  long  pressor  effect.  The 
high  points  were  reached  in  the  venous  and  fluid  pressures  before  those 
in  the  arterial  pressures.  There  was  an  immediate  gradual  parallel 
decline  in  venous  and  fluid  pressures  in  spite  of  a  decided  second  pressor 
arterial  effect.  The  final  arterial  pressures  were  lower  while  the  venous 
and  fluid  pressures  were  practically  the  same  as  at  the  first  readings. 
This  injection  shows  clearly  the  variations  that  are  so  often  seen  be- 
tween arterial  and  venous  pressures  but  at  the  sametimeit  gives  addi- 
tional support  to  our  contention  that  there  is  a  close  correspondence 
between  venous  and  fluid  pressures. 
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Pituitary  Liquid  (Annour)  was  injected  into  a  number  of  animale  but 
the  vascular  changes  produced  were  quite  variable.  In  experiment  4 
a  marked  and  rather  long-continued  pressor  effect  vfaa  produced ;  the 
changes  in  the  venous  and  fluid  pressures  were  in  the  same  direction  as 
the  arterial  but  comparatively  smaller.  Here  the  final  pressures,  with 
the  exception  of  the  fluid  pressure,  stood  higher  than  the  initial  ones. 
This  is  in  striking  contrast  to  the  observation  in  experiment  3  in  which 
the  fluid  pressure  was  comparatively  higher  than  the  other  pressures — 
if  the  one  were  called  secretion,  then  the  other  with  equal  right  could 
be  called  absorption. 

A  careful  survey  of  the  effects  produced  by  the  injection  of  pituitary 
extracts  shows  that  although  the  pressor  changes  were  of  longer  dura- 
tion than  those  produced  by  adrenalin,  nevertheless  the  fluid  changes 
followed  the  vascular  changes  and  in  particular  the  venous  changes, 
closely.  With  the  single  exception,  noted  above,  in  experiment  2  (pos- 
terior lobe  extract)  there  was  no  evidence  of  a  "  choroidorrhea"  such  as 
is  described  by  Weed  and  Gushing  (3).  In  fact  all  of  the  changes  ob- 
served can  be  accounted  for  by  vascular  changes,  the  most  important 
of  which  are  the  venous  pressure  changes.  That  Weed  and  Cushii^ 
recognize  the  possibility  of  the  fluid  beii^  affected  by  the  venous  pres- 
sure is  shown  by  their  own  statement :  "  in  view,  therefore,  of  the  possi- 
ble influence  of  these  physical  factors  on  the  discharge  of  the  fluid,  it 
is  hazardous  to  assuAe  that  certain  agents  stimulate  the  secretion  of 
the  choroid  plexus,  merely  because  of  an  increased  flow  from  a  can- 
nula." Had  they  measured  venous  pressure  simultaneously  with  the 
arterial  and  respiratory  changes,  they  would  undoubtedly  have  observed 
one  more  of  the  physical  factors  concerned  in  the  outflow  of  the  fluid. 
They  recorded  the  respuBtion  but  evidently  did  not  regard  it  as  signifi- 
cant— that  it  may  be  an  important  physical  factor  where  the  outflow 
method  is  employed  heis  been  clearly  shown  in  a  previous  article  (6). 
The  amount  of  fluid  in  the  subarachnoid  spaces  at  the  time  of  the  in- 
jection and  the  limitation  of  the  fluid  pressure  to  the  resistance  of  the 
cannula  employed  are  other  physical  factors  which  they  failed  to  con- 
^der  at  all. 

The  basis  for  their  conclusion  that  the  extract  of  the  posterior  lobe 
of  the  hypophysis  produces  a  "choroidorrhea"  is  briefly  stated  as  fol- 
lows: a,  that  there  was  an  actual  secretion  because  there  was  no  reces- 
sion of  fluid  in  the  cannula;  5,  that  the  catheter  was  in  the  ventricle 
rather  than  the  subarachnoid  cistern;  and  c,  the  apparent  fatigability 
of  the  response  to  repeated  injections.    The  weakness  of  their  first 
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and  second  arguments  has  already  been  pointed  out  clearly  (6).  Briefly 
they  are  as  follows:  a,  the  subarachnoid  spaces  are  surrounded  on  the 
one  hand  by  the  undilatable  calvarium  and  on  the  other  by  the  rela- 
tively incompressible  brain  substance;  bence  little  negative  pressure 
could  be  developed  to  cause  a  recession  of  the  fluid  into  the  catheter  or 
tube.  Therefore,  a  lack  of  recession  of  fluid  would  mean  nothing. 
b,  The  presence  of  the  catheter  in  the  ventricle  does  not  eliminate  the 
possibility  of  a  transudation  of  the  fluid  from  the  capillaries,  which 
under  the  experimental  conditions  might  be  greatly  increased ;  neither 
does  it  eliminate  the  possibility  of  a  backward  flow  through  the  aqueduct 
of  Sylvius,  unless  the  catheter  is  placed  into  the  aqueduct.  The  weak- 
ness of  their  third  argument  lies  in  the  fact  previously  stated,  i.e.,  that 
a  second  injection  of  pituitrin  produces  little  or  no  vascular  effect. 
If  the  changes  produced  in  the  cerebrospinal  fluid  by  the  injection  of 
pituitrin  are  mechanical,  as  we  believe  they  are,  then  if  a  second  injec- 
tion produced  little  vascular  change,  a  correspondingly  small  fluid 
change  would  be  expected.  Furthermore,  if  the  preformed  fluid  were 
forced  out  to  a  considerable  degree  following  the  flrst  injection,  there 
would  be  little  left  to  be  forced  out  following  a  second  injection.  That 
the  amount  of  fluid  in  the  subarachnoid  spaces  is  important  in  deter- 
mining the  outflow  from  the  cannula  has  likewise  been  clearly  shown 
in  the  previous  paper.  It  would  appear,  therefore,  that  it  is  entirely 
unnecessary  to  assume  that  the  cessation  of  flow  h  due  to  the  fatigabil- 
ity of  the  choroid  because  this  (cessation  of  outflow)  can  be  satisfac- 
torily explained  by  the  physical  factors  involved. 
'  The  tracii^  presented  by  Weed  and  Cuahing  to  prove  that  the  out- 
flow is  independent  of  vascular  changes  is  not  complete.  To  compare 
with  records  I  and  II  of  their  paper  we  show  figure  7,  a  graph  which 
reproduces  almost  exactly  the  arterial  curve  which  they  show.  As  can 
be  seen  from  the  readings  of  fluid  and  venous  pressures  on  our  curves, 
synchronous  with  the  fall  in  arterial  pressure  there  was  a  rise  in  venous 
pressure,  a  rise  reaching  a  maximiun  of  2S  mm.  above  normal.  Almost 
simultaneously  with  the  minimum  of  arterial  pressure  and  synchronous 
with  the  rise  in  venous  pressure  was  a  rise  in  fluid  pressure  of  23  mm. 
Both  venous  and  fluid  pressures  fell  below  normal  as  arterial  pressure 
rose,  and  then  rose  to  normal  as  arterial  pressure  reached  its  maximum. 
This  rise  in  fluid  and  venous  pressure  came  at  about  the  time  when 
there  is  in  records  I  and  II  an  increase  in  fluid  outflow,  and  a  rise  in  venous 
pressure  is  able  to  produce  just  such  an  outflow  as  is  shown  by  the 
ligations  of  the  jugulars  shown  in  the  preceding  paper.    We  are  con- 
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vinced  that  if  the  authors  mentioned  had  had  a  venous  tracing  of  the 
experiments  shown  in  I  and  II  they  would  have  found  a  rise  in  venous 
pressure  synchronous  with  their  increased  outflow.  Figure  7  shows 
such  a  venous  pressure  rise  with  a  simultaneous  fluid  pressure  rise. 
Figure  8  shows  a  similar  result  where  the  outflow  method  was  employed, 
a  fall  and  then  a  rise  in  arterial  pressure  with  a  rise  and  then  a  fall  in 
venous  pressure  with  an  increased  outflow  of  fluid  during  the  venous 
pressure  rise  {see  fig.  8). 

To  compare  with  record  III  we  show  figure  6.  This  curve  reproduces 
almost  exactly  their  arterial  curve.  As  can  be  seen,  their  increased 
outflow  of  fluid  came  while  the  arterial  pressure  was  rising,  dropped  ap- 


F^.  8.  This  figure  shows  that  with  the  preliminary  fall  in  arterial  pressure 
common  soon  after  pituitrin  injections  there  is  frequently  seen  a  marked  rise  in 
venous  pressure;  with  this  rise  in  venous  pressure  comes  an  increased  outflow 
of  fluid. 

proximately  to  the  normal  rate  when  the  highest  point  in  the  curve  was 
reached,  and  practically  ceased  at  a  time  when  the  arterial  pressure  was 
still  far  above  normal.  Our  curve  shows  that  at  the  time  when  their 
maximum  outflow  came  venous  and  fluid  pressures  were  rising  syn- 
chronously; the  former  rose  from  276  mm.  to  356  mm.,  a  rise  of  80  mm.; 
the  latter  rose  from  257  mm.  to  324  mm.,  arise  of  67  mm.  It  is  therefore 
self-evident  that  the  cause  of  the  increased  outflow  was  not  necessarily 
an  increase  in  the  amount  of  fluid  in  the  skull,  due  to  a  choroidorrhea, 
it  may  have  been — probably  was — simply  the  expulsion  of  fluid  by  the 
increased  venous  pressure  produced  by  the  action  of  the  drug.  The 
cessation  of  flow  with  arterial  pressure  still  high  shown  in  records  III 
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and  IV  means  simply  that  enough  fluid  had  been  expelled  to  accommo- 
date the  venous  blood  accumulated  in  the  sinuses,  and  further  expulsion 
ceased.  The  failure  of  recession  of  the  fluid  finds  a  number  of  explana- 
tions: no  negative  pressure  can  be  developed  because  of  a  lack  of  posi- 
tive pressure  in  expelling  the  fluid,  the  high  venous  pressure  may  cause 
increased  transudation,  or  what  seems  more  plausible,  the  deficit  in  the 
vicinity  of  the  needle  is  made  good  by  fluid  under  positive  pressure  in 
other  regions  of  the  canal  temporarily  shut  off  from  the  needle  by  the 
position  of  the  central  nervous  system.  In  actual  fact  we  have  seen  the 
fluid  recede  in  the  cannula  in  several  experiments,  a  fact  which  may 


Fig.  9.    Thie  figure  shows  that  after  pituitrin  the  venous  pressure  nwy  f&U 
vith  the  fall  in  art«rial  pressure. 

point  to  the  latter  as  the  more  likely  of  the  three  explanations  offered. 
The  differences  in  results  in  their  tracings  V  and  VI  are  due  to  differ- 
ences in  the  behavior  of  the  venous  pressure  in  the  two  injections.  We 
believe  record  V  showed  no  effect  on  fluid  outflow  because  there  was  no 
rise  in  venous  pressure.  We  believe  record  VI  shows  the  marked  increase 
in  fluid  outflow  because  of  a  marked  rise  in  venous  pressure  after  the 
injection.  As  we  pointed  out  before,  the  arterial  pressure  is  no  cri- 
terion of  what  is  taking  place  in  venous  pressure,  and  while  we  have  no 
basis  for  the  assumption  that  venous  pressure  rose  in  record  VI  and  did 
not  rise  in  record  V,  we  believe  such  is  the  case  from  our  experience 
in  similar  conditions  of  experimentation.    Weed  and  Gushing  c^inot 
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tell  what  happened  in  the  vein  during  their  experimeats  for  the  reason 
that  they  did  not  measure  that  pressure.  To  prove  our  point  we  cite 
tracings  8  and  9  where  a  fall  in  arterial  pressure  after  pituitrin  was  in 
one  case  accompanied  by  a  rise,  in  another  case  by  a  fall  in  venous 
pressure. 

To  compare  with  their  record  VII  we  show  figure  10  ^ ,  an  experiment 
in  which  following  a  large  dose  of  pituitrin  there  was  a  marked  fall  in 
arterial  pressure  with  increased  fluid  outflow.  The  remarkable  fact 
brought  out  in  our  tracing  is  the  fact  that  not  only  did  the  venous  pres- 
sure rise  from  the  first,  but  that  it  rose  in  two  stages  and  each  stage  of 
increasing  venous  pressure  was  accompanied  by  an  increased  outflow  of 
fluid,  an  increased^outfiow  which  was  followed  by  a  cessation  each  time 
venous  pressure  became  stationary.  It  is  therefore  obvious  that  the 
factor  which  determines  fluid  outflow  is  not  the  actual  venous  pressure 
level,  but  the  question  as  to  whether  the  pressure  is  rising  and  the  blood 
is  accumulating  in  the  sinuses.  The  venous  pressure  following  pitui- 
trin injections  is  not  determined  by  the  arterial  pressure  in  the  carotid, 
hence  the  mere  fact  that  arterial  pressure  fell  does  not  prove  that 
venous  pressure  fell  with  it  and  hence  the  increased  secretion  of  fluid  is 
not  the  only  cause  of  increased  outflow.  This  increased  outflow  of 
fluid  is  just  as  satisfactorily  explained  by  an  increase  in  venous  pressure 
or  increased  accumulation  of  venous  blood  as  by  increased  secretory 
activity  of  the  choroid.  In  fact  there  is  no  reason  for  invoking  the 
latter  at  all,  for  all  the  facts  are  adequately  explained  by  the  former. 
Figure  10  B  shows  that  pituitrin  sometimes  de,creases  fluid  outflow, 
although  venous  pressure  was  rising  slightly.  Figure  10  C  shows  the 
optimum  condition  for  outflow,  increased  arterial  and  venous  pressures. 

If  further  evidence  were  needed  to  show  the  dependence  of  the  fluid  on 
the  vascular  changes  produced  by  the  injection  of  extracts  of  the  hy- 
pophysis, a  study  of  all  the  changes  shown  in  figure  5  should  be  convinc- 
ing. The  averages  show  a  decided  rise  in  all  the  pressures  following  the 
injection,  and  while  the  general  arterial  pressure  returns  to  a  lower 

Fig.  10.  This  figure  shows  the  different  reactions  of  different  dogs  to  the 
iatriivenous  injection  of  commercial  extracts  of  the  hypophysis.  Note  ia  A  a 
rapid  outflow  of  fluid  with  a  falling  arterial  pressure,  also  that  the  increased 
outflow  is  synchroDOUB  with  the  rises  in  venous  pressure  which  occurred  in  two 
distinct  stages.  Note  in  B  a  similar  fall  in  arterial  pressure  with  only  a  slight  rise 
in  venous  and  a  marked  decrease  in  the  rate  of  ouhflow.  Note  in  C  a  rise  in 
both  arterial  and  venous  pressures  with  a  marked  increase  in  the  rat«  of  outflow 
of  fluid.  These  tracings  show  the  importance  of  the  venous  pressure  in  the 
determination  of  the  mechanism  of  fluid  outflow. 
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level  than  at  the  begitmlng,  all  the  other  preesures  remained  at  a  higher 
level.  The  increase  in  the  circle  of  WilUs  pressure,  following  the  in- 
jection of  hypophysis  extract,  an  effect  already  referred  to,  would 
undoubtedly  be  sufficient  to  account  for  the  high  venous  and  fluid  pres- 
sures. The  point  of  particular  importance,  however,  is  the  average 
change  in  the  fluid;  this  is  practically  parallel  with  the  average  of  the 
venous  changes  and  if  there  were  a  decided  increase  in  the  fluid  as  is 
claimed,  this  would  not  be  the  case  for  if  there  had  been  a  marked  in- 
crease in  fluid,  the  rise  in  fluid  pressure  would  have  been  greater  than 
that  of  venous  pressure.  By  the  manometer  method,  therefore,  there 
is  absolutely  no  evidence  for  any  increase  in  the  fluid  and  we  believe 
that  if  Weed  and  Gushing  had  considered  all  the  physical  factors  con- 
cerned in  the  outflow  of  the  fluid,  it  would  have  been  unnecessary  for 
them  to  postulate  a  "  choroidorrhea"  to  account  for  the  changes  they 
observed. 

The  increased  flow  of  fluid  following  the  injection  of  extract  of  pitui- 
tary body  is  due  to  the  increase  in  the  vascular  pressure  in  the  skull. 
The  assumption  that  there  is  an  increase  in  the  amount  of  fluid  is  not 
necessary  to  explain  the  facts. 

Frazier  and  Peet  (2)  conclude  that  brain  extract  has  a  specific  effect 
because  the  rate  for  a  given  period  following  injection  is  greater  than 
normal — ^in  other  words,  more  fluid  escapes  in  a  given  period  following 
the  injection  of  brain  extract  than  would  have  escaped  in  the  same  time 
with  a  normal  rate  of  flow.  This  increase,  they  say,  is  independent  of 
the  fall  in  arterial  pressure.  We  do  not  doubt  that  they  observed  an 
increased  outflow  of  fluid,  we  ourselves  have  noted  the  same  increase 
under  similar  conditions  but  with  us,  as  can  be  seen  from  the  table, 
there  is  a  decrease  in  venous  and  fluid  pressures  in  every  case,  just  as 
there  was  in  the  case  of  the  other  depressor  extracts,  and  not  an  increase 
in  venous  pressure  as  we  have  already  pointed  out  Frazier  and  Peet 
believe  to  have  occurred  at  the  time  the  arterial  minimum  occurred. 
We  are  convinced  that  the  increased  fluid  flow  was  due  to  the  escape  of 
preformed  fluid  lying  in  the  adjacent  cavities  of  the  subdural  space,  an 
escape  made  possible  by  the  marked  shrinkage  of  the  intracranial  struc- 
tures produced  by  the  reduced  arterial  and  venous  pressures  which 
permitted  the  fluid  to  escape  past  the  natural  obstructions  and  thus  to 
appear  at  the  most  dependent  portion  of  the  canal,  the  ci'sferTwi  magjia, 
and  escape  through  the  needle.  With  the  rise  in  arterial  and  venous 
pressures  the  intracranial  structures  again  expand  and  the  passageway 
is  again  obstructed,  and  a  cessation  of  flow  follows.     Why  nervous  tis- 
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sue  produces  so  much  more  marked  an  increase  is  obviously  due  to  the 
more  marked  fall  id  ai1.erial  and  venous  pressures,  and  therefore  to  the 
greater  shrinkage  of  structures  and  the  freer  transit  of  fluid  through  the 
straits.  The  above  explanation  makes  it  obvious  that  falls  in  arterial 
and  venous  pressures  will  not  always  produce  an  increased  flow.  With 
the  dc^  on  his  side,  the  results  are  positive  only  in  those  cases  where 
there  is  an  accumulation  of  fluid  over  the  cerebral  hemisphere,  the  flow 
of  which  into  the  medullary  region  is  impeded  by  the  cerebral  peduncle 
and  the  subcerebral  vessels  and  sinuses.  Thus  many  experiments  are 
negative  especially  with  the  dog  on  his  side. 

Depressor  extracts  supposed  to  have  a  specific  effect  on  formation  of 
cerebrospinal  fiuid 

The  depressor  effect  of  extract  of  nervous  tissue  is  as  marked  as  that 
of  any  other  extract  (1) ;  in  addition  it  is  said  to  have  a  specific  action 
on  the  increase  of  fluid  (2)  independently  of  the  blood  pressure  chaises. 
Dixon  and  Halliburton  {4,  p.  225)  state:  "This" — the  brain  tissue — "is 
the  only  tissue  extract  so  far  examined  with  the  exception  of  choroid 
which  gave  a  positive  result  on  the  cerebrospinal  outflow."  Frazier  and 
Peet(2,  p.  478)state:  "The  experiments  with  brain  extract  demonstrate 
that  there  is  an  actual  increase  in  rate  of  flow  of  cerebrospinal  fluid  inde- 
pendent of  the  amount  of  fall  of  bloodpressure." 

A  priori  it  is  difficult  to  see  in  what  respect  extract  of  nervous  tissue 
should  BO  differ  from  other  tissues  as  to  produce  a  stimulation  of  the 
cells  forming  the  fluid,  for  it  is  clear  that  the  authors  referred  to  above 
believe  that  brain  extract  stimulates  fluid  formation. 

In  order  to  satisfy  ourselves  regarding  the  effects  of  nervous  tissue, 
fifteen  injections  of  extracts  of  nervous  tissue  were  made,  including 
cerebrum,  cerebellum,  medulla,  cord  and  pineal  body.  The  changes 
produced  were  very  similar  for  each  of  the  extracts,  and  therefore  only 
the  effects  produced  by  the  cerebellum,  which  was  typical  for  all,  will 
be  discussed  in  detail. 

Six  injections  of  cerebellar  extracts  were  made  into  five  dogs.  In 
experiment  1  the  injection  produced  a  depressor  effect  on  the  arterial 
sjTstem,  but  the  falls  in  venous  and  fluid  pressures  were  sl^ht.  The 
final  readings  in  all  the  pressures  were  lower  than  the  initial  ones.  In 
experiments  2  and  5  injections  of  5  cc.  were  made.  In  both  cases  there 
was  a  fall  in  arterial  pressure  with  a  comparable  fall  in  venous  and  fluid 
pressures.     Immediately  following  these  injections  there  was  an  in- 
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TABLE  S 

Extraelt  of  cerebrum,  lerebellum,  mtduUa,  cord,  pineal,  eenbroipinat  fiaid  and 
aquemif  humor 


■  I  "  I 

Cerebrum  extract 


I  °  I 


Tzr 


1 

190 

82 

106 

71 

43 

67 

113 

91 

122 

2 

82 

48 

90 

73 

46 

80 

82 

70 

90 

111 

94 

108 

3 

146 

132 

148 

134 

130 

132 

61 

61 

61 

56 

58 

58 

4 

148 

130 

146 

132 

124 

130 

60 

58 

59 

59 

62 

63 

6 

116 

90 

146 

as 

72 

118 

02 

55 

55 

72 

66 

54 

Average 

138,2 

96.4 

127,2 

109-2 

93 

115.0 

67,2 

57.4 

66.4 

82.2 

74.2 

81 

Cerebellum  extract 


1 

106 

72 

88 

67 

61 

55 

121 

100 

102 

2 

120 

76 

no 

88 

48 

80 

71 

57 

79 

64 

40 

05 

3 

no 

70 

96 

76 

44 

68 

67 

58 

7fi 

58 

35 

53 

4 

90 

48 

88 

SO 

48 

68 

90 

66 

83 

108 

99 

100 

5 

148 

120 

148 

136 

120 

134 

51 

49 

61 

51 

50 

67 

6 

86 

48 

114 

74 

40 

96 

85 

68 

110 

85 

58 

92 

Average 

no 

72.3 

107.3 

90.8 

60. 0 

89.2 

71.9 

59.8 

77.3 

81.1 

63. 6J  78.1 

Medulla  extrai^t 


1 

2 

88 
160 

50 
108 

86 
144 

73 
140 

52 
104 

62 
130 

93 
62 

92 
48 

90 

57 

lie 

53 

108 
50 

121 
61 

Average 

124 

79 

115 

108.5 

78 

96 

77.5 

70 

73.5 

84.5 

79 

91 

1 
2 

124 
160 

8S 
144 

122 
160 

96 
140 

128 

92 
140 

105 

66 

84 
66 

111 
63 

267  . 
51 

205 

56 

296 
53 

Average 

142 

116 

141 

118 

97 

116 

85.5 

75 

87 

159 

130.5 

174.6 

Pineal  extract 


1 

2 

118 
128 

98 
74 

86 
138 

100 
lOG 

86 
60 

74 
116 

90 

115 

87 
85 

85 
85 

63 

102 

67 
79 

71 
76 

Average 

123 

86 

112 

103 

73 

95 

102.5 

86 

85 

82,6 

73 

73.5 
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TABLE  i-Cimtliiiti 


^niAL 

ai^<or...4... 

TO>.C«..A.V.HO«. 

B     1     O 

A 

B     1     D     1     A 

BJD     1     A 

B    1    O    1    * 

Cerebrospinal  fluid 

I 
2 
3 

124 
154 
156 

124 
164 
154 

120 
146 
156 

96 
114 
116 

06 
106 
115 

106 
113 

75 
322 
319 

79 
330 

322 

75 

368 
321 

62 
187 
299 

82 
190 
302 

78 
20S 

301 

Average 

144.6 

144 

141.3 

108.6 

105.6 

105 

238.6 

243.6 

254.^ 

189.3 

191.3 

194.S 

AqueouB  humor 

1 
2 
3 

148 
156 
124 

152 
154 
120 

136 
152 
122 

111 

98 

108 
94 

105 

124 
316 

91 

IIS 
317 
M 

93 
308 
95 

131 
300 

148 

130 
301 
154 

107 
296 
152 

Average 

142.6 

1^ 

136.6 

104,5 

101 

99.5 

177 

176.3 

165.3 

193 

195 

185 

itial  temporary  rise  in  venous  and  fluid  pressures  of  3  Tnm .  without  any 
apparent  rise  in  arterial  pressure.  Here  the  final  arterial  pressure  was 
the  same  or  less  while  the  final  venous  and  fiuid  pressures  were  greater 
than  the  initial  pressures.  This  rise  in  fluid  pressure  cannot  be  inter- 
preted as  secretion  because  venous  pressure  rose  also.  In  experiment 
4  there  was  an  initial  temporary  rise  followed  by  fall  in  all  the  pres- 
sures. The  general  arterial  pressure  returned  to  normal  but  all  the 
others  remained  slightly  below  normal.  In  experiment  6  there  was  a 
decided  fall  in  all  the  pressure  tubes;  the  final  readings  in  each  case 
were  higher  than  the  initial  ones. 

A  study  of  the  table  will  bear  out  the  statement  ah^ady  made  that 
the  changes  produced  by  cerebellar  extracts  are  repeated  with  but  sl^t 
variation  by  all  the  extracts  of  nervous  tissue.  It  will  further  show  a 
very  marked  similarity  between  the  changes  produced  by  extracts  of 
nervous  tissue  and  those  produced  by  the  depressor  group  previously 
discussed.  The  close  correspondence  of  venous  and  cerebrospinal  fluid 
pressures  was  very  evident  throughout.  These  pressures  usually 
changed  in  the  same  direction  as  did  the  arterial  pressure,  but  where  the 
venous  pressure  did  not  follow  the  arterial  neither  did  the  fluid  pressure 
follow  it.  In  fact  in  every  case  the  venous  and  fluid  pressures  ran  al- 
most exactly  parallel.  Allowing  for  error  in  the  method,  there  was  no 
evidence  whatever  of  any  increase  in  fluid  that  might  be  interpreted  as 
secretion. 
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Whatever  the  significaDce  of  the  initial  temporary  rise  preceding  the 
pressor  effect  may  be,  it  certainly  gives  additional  emphasis  to  close 
relationship  between  fluid  and  vaBcular  changes.  Though  the  rise  in 
arterial  pressure  is  slight  and  of  short  duration,  it  is  sufficient  to  pro- 
duce corresponding  changes  in  the  fluid  by  means  of  the  venous  change; 
■Uiat  it  is  the  venous  pressure  that  here  affects  the  fluid  pressure  is  shown 
by  the  fact  that  the  changes  take  place  ahnost  simultaneously  in 
venous  and  fluid  pressures  and  a  little  later  than  the  alterations  in  the 


Fig.  11.  This  figure  showa  the  effect  of  the  injection  of  5  cc.  of  cerebellw 
extract.    B  is  taken  1)  minutes  after  the  end  of  A  and  C  5  minutes  aft«r  A. 

arterial  pressure.  It  has  already  been  shown  that  a  rise  in  fluid  pres- 
sure does  not  produce  a  rise  in  venous. 

The  average  of  all  the  changes  in  each  of  the  pressure  tubes  is  as  con- 
vincing here  as  with  kidney  extract,  in  showing  that  the  fluid  reflects 
vascular  changes.  The  averages  show  a  distinct  fall  in  each  of  the  pres- 
sures followed  by  an  average  return  f  o  normal  with  the  exception  that 
venous  pressure  was  less  than  the  average  for  the  initial  reading. 

We  are  sure  that  they  observed  an  actual  increase  in  the  outflow  of 
the  fluid  under  influence  of  nervous  tissue  extracts,  but  we  cannot  con- 
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CUT  in  tbeir  conclusions.  In  the  first  place  they  have  based  their  con- 
elusion  for  a  mechanical  outflow  on  the  observation,  which  our  work 
would  show  to  be  incorrect;  namely,  that  there  is  a  rise  in  venous  pres- 
sure corresponding  with  the  fall  in  arterial.  A  study  of  their  tracings, 
figures  9  and  10,  shows  unmistakably  that  the  increased  outflow  accom- 
panies the  vascular  change.  Had  they  measured  venous  pressure 
simuhaaeously  with  arterial  in  their  actual  experiments  they  would 
undoubtedly  have  observed  a  corresfMiiding  fall  in  the  venous  pressure, 
a  fall  which  would  have  made  increased  outflow  possible  as  described 
earlier  in  the  paper.     In  figure  11  we  show  a  typical  graph, 

Dixon  and  Halliburton  (4)  likewise  claim  a  specific  action  for  brain 
extract  but  their  evidence  is  less  convincing  than  that  of  Frazier  and 
Peet.  They  do  not  even  show  the  arterial  pressure  on  their  tracing 
(fig.  4),  hence  one  cannot  even  guess  what  factors  may  have  been  con- 
cerned in  producing  the  slight  outflow  they  record. 

Extracts  of  choroid  plexua 

The  extract  from  the  choroid  plexus  is  another  depressor  extract  for 
which  a  specific  action  is  claimed,  in  causii^  an  actual  increase  in  the 
fluid.  In  order  to  detennine  the  effects  of  this  extract  by  the  man(»oeter 
method,  twelve  injections  were  made  into  e^;ht  different  dogs.  The 
extracts  were  all  made  from  fresh  dog  choroids,  with  the  exception  of 
one,  which  was  made  from  fresh  sheep  choroids.  Following  seven  of 
these  injections,  there  was  but  a  sl^ht' vascular  change;  the  remaining 
five  gave  a  quite  marked  depressor  effect. 

In  experiment  1  the  extract  from  one  choroid  was  injected.  There 
was  no  appreciable  change  in  arterial  pressure  but  there  was  a  rise  in 
venous  and  fluid  pressures.  In  experiment  2  the  injection  of  10  cc. 
choroid  extract  produced  practically  no  effect  on  arterial  pressure,  but 
venous  and  fluid  pressures  rose  slightly.  The  final  readings  of  the  lat- 
ter were  higher  than  the  initial  readings.  The  second  injection  in  ex- 
periment 8  gave  a  slight  fall  in  arterial  pressure  accompanied  by  a  transi- 
tory rise  in  venous  and  fluid  pressures.  This.is  the  only  well-marked 
example  of  a  result  such  as  Dixon  and  Halliburton  call  the  usual  one. 
(See  fig.  12).  The  usual  result  is  one  with  all  pressures  falling  as  is 
usual  with  tissue  extracts.  (See  fig.  13).  These  pressures  fell  slightly 
but  again  the  final  readings  were  higher  than  the  initial  ones.  Neither 
of  the  injections  in  experiment  5  produced  any  appreciable  effects  on 
arterial  pressure — the  changes  in  venous  and  fluid  pressures  were  slight 
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but  entirely  comparable.  The  injection  in  experiment  3  (2  cc.)  gave 
little  arterial  change  with  slight  changes  in  venous  and  fluid  pressures; 
again  the  latter  were  quite  comparable.  The  injection  (2J  cc.)  in  ex- 
periment 10  produced  quite  a  marked  depressor  effect  on  the  arterial 
side  with  a  corresponding  fall  in  venous  and  fluid  pressures.  All  of  the 
final  readings  were  lower  than  the  initial  ones.  The  injection  (2  cc.) 
in  experiment  7  gave  httle  arterial  change  with  sl^ht  changes  in  venous 


Fig.  12.  This  figure  shows  the  result  of  an  injection  of  choroid  extr&ct  in 
which  tliere  was  a  marked  fall  in  arterial  pressure  accompanied  by  an  appreciable 
rise  in  venous  and  fluid  pressures.  Note  that  the  maximum  in  each  of  these 
two  pressures  occurred  after  the  maximum  fall  in  arterial  pressure.  Later  all 
the  pressures  rose  to  above  normal,  the  change  in  venous  pressure  being  adequate 
to  explain  the  change  in  fluid  pressure. 

sod  fluid  pressures,  the  latter  being  quite  comparable.  The  first  in- 
jection (2  cc.)  in  experiment  9  gave  a  decided  fall  in  arterial  pressure, 
accompanied  by  a  fall  in  venous  and  fluid  pressures.  Here  again  all 
the  final  readings  were  less  than  the  initial  ones.  A  second  injection 
(exper.  4)  produced  quite  similar  changes,  except  that  they  were  lees 
marked;  in  this  case  the  final  readings  of  the  venous  and  fluid  were 
higher  than  the  initial  ones.  The  injection  in  experiment  8  produced  a 
very  marked  fall  in  arterial  pressure.     Almost  simultaneously  with  the 


lizcdbyGoOl^Ie 


BTDDIBB  ON   THE   CBBEBROSPINAL   FLUID  165 

low  point  in  arterial  pressure,  the  high  point  in  venous  and  fluid  pres- 
sures was  reached;  then  with  the  rise  in  arterial  pressure  there  was  a 
fall  in  venous  and  fluid  pressures,  but  they  remained  higher  than  they 
were  before  injection.  (See  6g.  12).  This  is  the  one  experiment  in  our 
series  which  produced  a  well-developed  effect,  a  change  such  as  Frazier 
and  Peet  describe  and  which  they  claim  is  typical.  The  injection  of  2 
CO.  sheep's  choroid  in  experiment  11  gave  a  fair  depressor  effect  on  ar- 
terial pressure  with  an  accompanying  decline  in  venous  and  fluid  pres- 
sures; the  changes  in  the  latter  were  entirely  comparable.  The  injec- 
tion of  sheep  choroid  extract  in  experiment  12  produced  a  decided 


Fig.  13.  This  figure  ahowB  the  result  of  the  injection  of  2  cc.  of  choroid  which 
was  followed  by  a  fall  in  all  the  pressures  under  observation.  Later  alt  the 
pressures  returned  almost  but  not  quite  to  the  normal.  Contrast  this  with 
figure  12. 

fall  in  arterial  pressure  together  with  entirely  comparable  changes  in 
venous  and  fluid  pressures. 

Reviewing  the  action  of  the  injections  of  choroid  plexus  it  will  be  noted 
that  in  those  cases  where  there  was  little  or  no  vascular  change,  there 
was  likewise  little  chaise  in  the  fluid.  Where  there  was  a  change  in 
fluid,  there  was  ahuost  invariably  a  coiresponding  chan^  in  venous 
pressure  even  though  no  change  in  arterial  pressures  was  noted.  The 
injection  in  experiments  9  and  12  shows  a  typical  change  following  any 
depressor  substance,  i.e.,  a  decided  fall  in  arterial  pressure  accompanied 
by  a  corresponding  fall  in  venous  and  fluid  pressures.     The  changes 
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produced  by  the  injection  in  experiment  8  were  exceptioDsl;  however, 
the  fact  that  such  changes  as  these  do  occur  occasionally  (a  few  typical 
cases  in  90  injections)  shows  unmistakably  the  importance  of  takii^ 
venous  pressure  simultaneously  with  arterial  and  fluid  presBuree,  if  one 
wishes  to  draw  conclusions  from  the  efFect  produced  by  vascular  changes. 
Accompanying  the  low  point  in  arterial  pressure  was  a  decided  increase 
in  respiration ;  this  with  the  high  venous  pressure  would  give  rise  to  a 
condition  which  would  favor  a  marked  outflow  of  the  fluid  with  tbe 
cannula  method.  Again  this  experiment  would  show  the  error  of 
Dixon  and  HaUiburton's  conclusion.    By  taking  tbe  venous  pressure  in 
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one  animal  and  the  fluid  pressure  in  another,  they  concluded  from  their 
results  that  venous  and  fluid  pressures  did  not  run  parallel.  Because 
tiiey  observed  the  rise  in  the  fluid  earlier  in  one  experiment  than  in  the 
venous  pressure  in  another,  they  decided  that  the  fluid  had  an  inde- 
pendent secretory  pressure.  The  error  in  their  method  of  observation 
has  already  been  pointed  out  (6),  and  not  only  this  one  but  practically 
all  our  experiments  show  conclusively  that  venous  and  fluid  pressures 
run,  within  the  limits  of  experimental  error,  parallel.  Also  we  have  in 
experiments  1,  2  and  3,  table  6,  instances  in  which  there  was  no  change 
in  arterial  but  where  there  was  rise  in  fluid,  with  a  parallel  rise  in  venous 
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Dixon  and  HaWburton  concluded  from  ui  increased  rate  of  outflow 
of  fluid  from  a  cannula,  that  there  is  an  actual  increase  in  the  amount 
of  fluid.  They  discuss  the  possibility  of  physical  factors  which  might 
influence  the  outflow,  but  they  do  not  eliminate  these  possibilities  by 
actual  experiment.  For  example,  they  eliminate  the  argument  that  a 
fall  in  arterial  pressure  might  cause  a  rise  in  venous  preBsure  in  the 
following  way ;  "  ( 1)  increase  in  venous  volume  will  be  counteracted  and 
probably  counterbaluiced  by  decreased  arterial  volume,  so  that  the 
change  of  brain  volume  will  be  negligible ;  (2)  the  fall  of  blood  pressure  is 
not  always  seen;  and  (3)  other  substance  which  cause  a  depressor  effect 
do  not  increase  the  cerebrospinal  flow."  Over  against  their  argument 
(1)  we  would  place  our  result  obtained  in  experiment  8  showing  that  a 
rise  in  venous  pressure  does  follow  a  fall  in  arterial  pressure  in  some 
cases.  (2)  We  also  admit  that  a  fall  in  blood  pressure  is  not  always  seen, 
still  we  would  refer  the  reader  to  experiments  1,  2,  3  and  5  with  choroid 
injection  in  which  there  was  a  rise  in  venous  pressure  with  no  change  in 
arterial.  (3)  In  none  of  our  whole  series  of  experiments  with  depressor 
extracts  did  we  observe  any  indisputable  evidence  of  increased  formation 
of  fluid,  hence  it  would  appear  that  if  Dixon  and  Halliburton  had  elim- 
inated all  the  physical  factors,  they  would  not  have  observed  the  in- 
creased flow  with  choroid  extract  without  some  vasciUar  change  to  ex- 
plain the  outflow.  The  effect  of  respiration  observed  by  them  is  di- 
rectly opposite  to  that  reported  by  us  in  many  cases  in  an  earlier  paper, 
and  if  as  they  say  choroid  extract  accelerates  respiration  then  one  should 
expect  in  many  cases  an  increased  outflow  rather  than  a  decreased.  The 
lack  of  response  of  a  second  injection  would  depend,  as  has  been  shown,  on 
the  amount  of  fluid  in  the  canal  rather  than  on  the  lessened  effect  of 
the  chemical  substance  or  hormone  "which  stimulates  the  secreting 
epithehum  of  the  choroid  gland  to  become  active."  If  the  mechanical 
factors  could  account  for  all  the  outflow,  then  it  would  not  be  neces- 
sary to  assume  that  atropine — a  substance  which  inhibits  the  activity 
of  oi^ans  known  to  have  secretory  activity- — does  not  effect  the  choroid 
^and,  for  Dixon  and  Halliburton  state  that  "the  increased  flow  is  seen 
equally  well  after  the  injection  of  atropine."  This  action  of  atropine, 
in  the  light  of  our  own  experiments,  would  simply  be  an  additional  ar- 
gument in  favor  of  a  mechanical  cause  for  the  outflow. 

There  is  one  more  fact  in  connection  with  the  action  of  the  extract  of 
the  choroid  which  should  be  mentioned.  If  the  extract  of  the  choroid 
does  have  an  action  upon  the  choroid  plexus,  the  point  of  action  is  not 
confined  to  that  structure.    Figure  14  shows  the  result  upon  the  lymph 
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flow  from  the  thoracic  duct  of  the  injection  of  2  cc.  of  sheep's  choroid 
into  a  dog.  This  has  been  confirmed  by  three  other  experiments.  In 
two  of  these  cases  the  extract  was  fully  as  active  as  a  2  per  cent 
solution  of  peptone. 

Thyroid  extrada 

Thyroid  extract  is  another  of  the  depressor  extracts  which  is  said  to 
have  ft  specific  action,  but  instead  of  stimulating  the  choroid  plexus  to 
excreased  activity,  it  is  said  to  inhibit  the  flow  of  cerebrospinal  fluid. 
In  order  to  determine  whether  the  action  of  thyroid  was  really  specific 
as  claimed,  a  series  of  nineteen  Injections  was  made  into  thirteen  dif- 
ferent dogs.  The  extracts  used  was  made  from  normal  and  enlarged 
dog  thjrroids,  from  the  commercial  preparation  and  from  pathological 
human  thyroids. 

Five  cubic  centimeters  of  extract  from  a  normal  thyroid  were  injected 
in  experiment  8.  A  pronounced  fall  in  arterial  pressure  resulted,  ao- 
ctnnpanied  by  an  initial  transitory  rise  and  then  a  fall  in  venous  and 
fluid  pressures,  entirely  comparable  with  the  fall  in  artenal  pressure. 
The  final  arterial  pressure  was  lower  but  the  venous  and  fluid  pressures 
were  both  higher  than  the  initial  reading.  In  five  other  injections,  in- 
cluding extracts  from  nonnal  and  abnormal  thyroids,  in  which  a  dis- 
tinct fall  in  arterial  pressure  was  observed,  the  changes  in  the  fluid 
were,  with  sl^ht  variations,  the  same  as  in  experiment  8.  A  fall  in 
arterial  pressure  was  accompanied  by  a  fall  in  venous  and  fluid  pres- 
sures.   The  final  fluid  pressure  always  depended  on  the  venous  pressure. 

The  injections  which  had  a  slight  or  negl^ble  action  on  the  arterial 
pressure  gave  relatively  less  change  in  the  venous  tuid  fluid  pressures. 
In  a  small  number  of  these,  the  fluid  and  venous  pressures  rose  very 
slightly  while  the  arterial  pressure  fell,  showing  ^ain  the  close  corre- 
spondence between  venous  and  cerebrospinal  fluid  pressures. 

The  results  observed  following  the  injection  of  extracts  of  desiccated 
thyroid  were  quite  similar  to  those  already  described.  The  fall  in  ar- 
terial presHure  was  accompanied  by  a  fall  in  both  venous  and  fluid  pres- 
sures, and  at  the  final  reading  the  venous  and  fluid  pressures  stood  higher 
than  before  injection. 

The  injection  of  7  cc.  of  extract  from  a  pathological  human  thyroid  in 
experiment  18  gave  a  decided  fall  in  arterial  pressure  with  a  compara- 
tively small  drop  in  venous  and  fluid  pressure.  The  venous  and  fluid 
pressures  rose  with  the  arterial  pressure  so  that  the  final  pressures  were 
practically  identical  with  the  initial  ones.    The  injection  of  10  co. 
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pathological  thyroid  extract  in  experiment  19  gave  but  a  slight  fall  in 
arterial  preasure  with  a  comparatively  small  change  in  venoua  and  fluid 
pressures. 

It  will  be  observed  from  the  record  of  the  changes  produced  by  thy- 
roid extract  that  tl(e  changes  are  in  no  way  diif  erent  than  those  produced 
by  any  other  one  of  tbe  depressor  extracts.  The  changes  in  venous 
and  fluid  pressures  are  entirely  comparable.     If  additional  evidence 
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were  desired,  a  study  of  the  figure  5  showing  the  averages  for  all  of  the 
pressures  should  be  convincing.  The  average  change  for  nineteen  injec- 
tions shows  conclusively  the  dependence  of  the  fluid  pressure  on  the 
vascular  changes  for  not  only  is  there  a  close  correspondence  between 
fluid  and  venoua  changes,  but  between  the  fluid  and  arterial  as  well. 
There  is  absolutely  no  evidence  for  a  decrease  in  the  amount  of  fluid 
as  determined  by  the  manometer  method.    Frazier  and  Peet's  observsp 
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tions  are  that  "  thyroid  extracts  give  a  decrease  in  the  rate  of  fluid  out- 
flow," but  the  evidence  that  they  present  is  not  conclusive.  It  is  true 
that  in  our  work  individual  experiments  could  be  cited  in  which  there  is 
an  apparent  decrease  in  the  fluid,  but  other  experiments  could  be  cited 
in  which  there  is  an  apparent  increase  in  the  fluid.  An  average  oi  all 
the  changes  eliminates  these  exceptional  cases  and  therefore  we  believe 
that  the  average  rather  than  the  individual  change  comes  nearer  show- 
ing the  true  condition. 


Fig.  15.  This  figure  shows  the  effect  on  &11  the  pressures  of  tbe  injection  of 
5  cc.  of  thyroid  extract.  Note  the  fact  that  all  pleasures  fell,  only  to  return 
almost  exactly  to  the  normal. 

Frazier  and  Peet  (19)  further  state  that  "the  decrease  in  rate  ap- 
peared almost  immediately  after  the  injection  and  lasted  for  four  and  one- 
half  hours"  and  that "  control  experiments  have  demonstrated  that  with 
the  method  we  used  the  fluid  will  flow  at  a  nearly  uniform  rate  for  this 
length  of  time."  Since  this  method  has  already  been  fully  considered, 
it  is  unnecessary  to  re-open  the  discussion  here;  however  we  must  say 
that  in  the  experiments  with  this  method,  our  findings  were  similar  to 
those  of  Dixon  and  Halliburton  on  this  point,  who  report  a  marked  slow- 
ing in  the  rate  in  the  normal  animals  run  as  controls;  a  slowing  which 
compares  exactly  with  the  slowing  recorded  by  Frazier  and  Peet  but 
which  according  to  them  is  due  to  the  thyroid  injections. 
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A  reference  to  the  table  shown  by  Frazier  and  Feet  on  the  normal  rate 
of  flow  (p.  275)  does  not  bear  out  their  statements  regarding  the  results 
on  their  controls.  They  cite  two  animals — the  first  ran  seven  and  one- 
sixth  minutes  with  a  marked  tendency  to  decrease,  as  can  be  seen  in 
their  protocol  at  a  glance ;  the  second  showed  a  very  marked  irregularity 
of  rate  and  has  the  following  note  added — "stopped  flowing,  dog  killed 
with  chloroform."    This  experiment  ended  in  eighteen  minutes. 

We  do  not  doubt  the  observations  recorded  by  the  authors  but  we 
do  not  believe  that  in  a  series  of  ten  dogs,  more  than  one  in  that  num- 
ber would  give  a  marked  flow  after  three  or  four  hours  under  anesthesia. 
TMs  is  in  accord  with  Dixon  and  HaUiburton  who,  using  practically  the 
same  method,  find  no  flow  after  the  fifth  hour. 

A  careful  consideration  of  all  the  evidence  seems  to  present  no  good 
reason  for  behoving  that  thyroid  extract  causes  a  decrease  in  the  amount 
of  fluid.  In  the  flrst  place,  control  experiments  show  a  decrease  in 
outflow,  which  is  in  everyrespect  comparable  to  the  decrease  in  the  fluid 
claimed  by  Frasier  and  Feet  following  thyroid  injections.  Furthenu6re, 
when  the  manometer  method  is  employed,  the  changes  following  the 
injection  of  thyroid  extract  are  no  different  than  those  produced  by  any 
one  of  the  depressor  extracts  used. 

It  would  appear,  therefore,  that  the  changes  in  the  fluid  following 
the  thyroid  injection  are  to  be  explained  entirely  by  vascular  changes 
and  that  the  claim  that  thyroid  hbs  a  specific  action  is  not  based  on  a 
true  interpretation  of  facts. 

CONCLUSIONS 

1.  Nearly  all  tissue  extraota  have  a  depressor  effect  on  the  vascular 
system;  extracts  of  adrenal  and  of  the  posterior  lobe  of  the  hypophysis 
have  a  pressor  effect. 

2.  Changes  in  arterial  pressure  were  usuaUy  accompanied  by  corre- 
sponding changes  in  torcular  (venous)  pressure ;  there  were  occasionally, 
however,  important  exceptions  in  which  changes  in  arterial  and  torcular 
pressures  were  exactly  opposite. 

3.  The  changes  in  fluid  pressure  corresponded  quite  closely  to  the 
venous  changes.  While  the  arterial  pressure  may  have  a  direct  effect 
on  the  fluid  pressure,  the  changes  in  the  fluid  were  for  the  most  part  due 
to  the  venous  changes. 

4.  The  changes  in  the  fluid  were  quite  comparable  with  all  the  tissue 
extracts  having  a  depressor  effect,  likewise  with  those  having  a  pressor 
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effect.    In  every  case  the  fluid  changes  depended  on  the  vascular 
changes,  not  upon  new  formation. 

5.  There  is  no  indisputable  evident  that  any  of  the  extracts  used 
have  a  specific  action  on  the  fluid. 

6.  The  changes  produced  in  the  fluid  by  tissue  extracts  are  mechani- 
cal in  so  far  as  these  extracts  have  any  vascular  effect. 

7.  Extracts  of  the  choroid  plexus  have  a  definite  lymphagogue  action. 
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The  time  relaiions  of  the  heaii  cyde  as  shown  by  the  carotid  pvlse  of  man. 

Wabken  p.  Loubabd  and  Otis  M.  Cope. 

The  paper  treated  of  work  which  was  a  continuation  of  that  reported 
at  the  last  two  meetings  of  the  Society.  The  duration  of  the  systole 
of  the  left  ventricle  should  give  evidence  of  the  functional  condition  of 
the  muscle  of  the  human  heart.  The  carotid  pulse  tracing  was  used 
by  the  writers  to  obtain  evidence  of  the  length  of  the  systole,  because 
it  would  be  of  g^eral,  practical  application  io  case  the  method  proved 
of  value.  The  time  between  the  beginning  of  the  rise  of  the  primary 
wave  and  the  b^inning  of  the  rise  of  the  mcrotic  wave,  the  P-D  time, 
does  not  include  the  period  of  rising  tension  in  the  ventricle,  and  would, 
therefore,  be  perhaps  0.030  second  shorter  than  the  true  systole  of  tlie 
ventricle.  Nevertheless,  it  should  give  a  good  indication  of  the  action 
of  the  heart  muscle. 

The  pulse  rate  and  the  position  of  the  subject  have  an  important 
effect  on  the  duration  of  the  systole,  and  to  establish  a  standard  which 
should  be  a  gauge  of  the  condition  of  the  heart  muscle  it  was  necessary 
to  establish  the  P-D  interval  and  the  D-P  interval  (the  time  between 
the  b^inning  of  the  rise  of  the  dicrotic  and  the  beginning  of  the  rise 
of  the  primary  wave),  for  every  ordinary  pulse  rate  whto  the  subject 
was  standing,  sitting  and  lying  down.  This  was  done  and,  in  addition, 
the  P-D  and  D-P  intervals  were  determined  for  subjects  standing, 
immediately  after  light  exercise. 

A  table  summarizing  the  results,  for  cycle  lengths  from  1.200  to  0.300 
seconds  (pulse  rates  50  to  200)  was  shown.  Curves  picturii^  the  rate 
of  the  shortening  of  the  P-D  time,  when  it  was  plotted  with  cycle 
lengths,  and  plotted  with  pulse  rates,  as  abscissae,  and  also  formulae 
which  permit  the  calculation  of  the  normal,  average  P-D  interval  by 
men  standing,  sitting,  lying  down  and  standing  just  after  exercise, 
were  exhibited.  The  formulae  were  difEerent  from  those  offered  at 
the  last  meeting.  These  results  were  baaed  on  620  testa  on  250  normal 
men,  the  lei^^  of  the  P-D  and  D-P  intervals  having  been  measured  to 
thousandths  of  a  second  in  more  than  10,000  cycles. 

It  was  stated  that  the  P-D  and  D-P  intervals  are  both  altered  by 

respiratory  and  vasomotor  influences;  that  the  P-D  interval  is  afiected 

more  by  respiratory,  and  the  D-P  interval  often  more  by  vasomotor 

influences;  that  the  chaises  in  the  length  of  the  P-D  and  D-P  intervals 
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produced  by  the  respiratory  and  vasomotor  influences  do  not  neces- 
sarily  occur  to  like  degrees  or  synchronously,  and  consequently  are 
probably  brought  about  in  different  ways.  It  was  suggested  that  the 
P-D  interval  was  influenced  more  through  the  amount  of  blood  sup- 
plied to  the  left  ventricle,  and  the  D-P  interval  through  the  nerves 
c(mtroUing  the  heart  rate. 

The  length  of  the  P-D  interval  was  not  found  to  be  appreciably 
affected  by  age,  height  or  weight.  The  systohc,  diastolic  and  pulse 
pressures,  occurrii^  within  normal  limits,  were  not  fotmd  to  alt^  the 
P-D  interval.  On  the  other  hand,  women  were  observed  to  have 
longer  systoles,  on  the  average,  than  men. 

Further  obaervatiwta  on  the  rdaiton  of  the  central  nervous  system  to  epinepk- 

rin  secretion.    G.  N,  Stewabt  and  J.  M.  Rogoff, 

Our  former  experiments  on  the  epinephrin  output  after  transections 
of  the  spinal  coiid  at  different  levels  in  cats  have  been  confirmed  and 
extended  by  a  new  series  of  experiments. 

1.  In  eleven  acute  experiments  the  cervical  cord  was  divided  at 
levels  from  the  fourth  to  the  seventh  segment.  In  several  of  the  ani- 
mals the  initial  output  was  undiminished  by  the  section,  in  the  others 
it  was  more  or  less  diminished  but  a  substantial  output  could  still  be 
estimated.  In  eight  dc%s  (section  at  4th  to  6th  s^ment)  and  two 
rhesus  monkeys  (6th  to  7th  segment)  a  considerable  or  marked  diminu- 
tion in  output  after  the  cord  section  was  observed,  apparently  corre- 
spondii^  to  the  greater  degree  of  shock  than  in  cats,  but  even  in  the 
monkeys  a  substantial  output  could  be  estimated. 

In  three  cats  the  brain  and  bulb  were  eliminated  by  ligating  the 
arteries.  It  was  shown  by  the  usual  tests  that  the  anemia  was  com- 
plete. In  all  three  experimeots  the  epinephrin  output  was  the  same 
as  before  elimination  of  the  brain  and  bulb,  a  full  nonnal  output. 

2.  In  fifteen  experiments  on  cats  and  dogs  in  which  the  uTiinfmla  were 
allowed  to  survive  for  two  to  thirteen  days  after  cervical  transection 
the  output  never  attained  the  normal  average  and  was  usually  much 
below  it,  although  in  several  of  the  experiments  the  output  attained  a 
third  or  a  half  of  the  normal  average. 

3.  Acute  experiments  with  dorsal  cord 'transections  were  made  on  a 
number  of  dogs  and  cats  (4th  to  5th  segments)  and  one  survival  experi- 
ment (7  days)  on  a  dog.  The  output  was  greatly  diminished  or  abol- 
ished within  the  Hmits  of  detectabihty  by  the  assay. 

4.  Strychnine  caused  a  marked  increase  in  the  output  both  in  acute 
and  survival  experiments  after  cervical  cord  transection. 

5.  The  output  of  epinephrin  in  the  above  experiments  was  estimated 
by  the  methods  previously  employed  by  us,  entailing  opening  of  the 
abdomen,  because  we  do  not  know  of  any  other  way  at  present  by 
which  quantitative  estimations  of  the  output  can  be  made.  To  test 
the  objection  that  opening  the  abdomen  may  profoundly  alter  the 
functioning  of  the  adrenal  secretory  mechanism  we  have  made  experi- 
ments on  cats  with  denervated  heart  in  which  the  acceleration  of  tlie 
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heart  produced  by  BtimulatioD  of  the  central  end  of  the  sciatic  waa 
compared  before  opening  the  abdomen  with  that  obtained  after  it  was 
opened  and  such  manipulatione  made  as  would  be  involved  in  forming 
a  cava  pocket.  We  did  not  find  that  the  reaction  waa  essentially 
altered.  Further  experiments  on  cats  with  deoervated  heart  confirm 
our  previous  coDclusion  that  reactions  obtained  on  the  denervated 
limb  and  denervated  heart  (von  Anrep,  Cannon)  do  not  constitute  a 
demonstration  of  augmented  epineplum  output  with  asphyxia  and 
nerve  stimulation  until  it  is  shown  that  redistribution  of  the  blood 
with  tJie  ordinary  output  of  epinephrin  cannot  account  for  the  reaction. 

The  influeTice  of  oxygen  deficiency  and  related  eondiUona  upon  the  hema- 

bM-espiratory  functions.    Yandbll  HEaniBBSorf   and   Howabd   W. 

Haqoabd. 

It  is  generally  supposed  that  under  oxygen  deficiency  acids  are  pro- 
duced in  the  tissues  and  are  retained  in  the  blood,  and  that  the  blood 
alkali  is  thus  neutralized  and  eliminated  through  the  urine.  This  may 
be  termed  the  acidotic  process. 

Experiments  on  dogs  subjected  to  progressively  decreasing  oxygen 
show,  however,  that  the  process  actuidly  involved  is  in  many  respects 
exactly  the  opposite  of  the  usual  supposition.  They  demonstrate  that 
before  auy  considerable  amount  of  alkali  is  lost  an  abnormally  large 
amount  of  COj  is  eliminated  by  the  excessive  breathing  induced  by  a 
lowered  oxygen  pressure  in  the  air  breathed.  Then  alkaU  passes  out 
of  the  blood  to  compensate  this  alkalosis.  This  we  term  the  acapnial 
process. 

From  these  facts  and  related  observations  on  men  it  appears  that  in 
normal  persons  the  blood  alkali  is  controlled  by  the  dissolved  C0|— 
more  or  less  alkali  being  called  into  use  in  the  blood  to  satisfy  the  nor- 
mal H,CO,:  NaHCOj  relation,  and  thus  to  keep  the  CH  of  the  blood 
nearly  constant.  The  amount  of  dissolved  C0»  in  the  blood  is  con- 
trolled by  the  pulmonary  ventilation,  and  fundamentally  in  normal 
persons  the  ventilation  is  adjusted  to  the  oxygen  partial  pressure  of 
the  altitude  at  which  the  person  lives. 

When,  however,  over-breathing  is  induced  and  the  HiCOi  of  the 
blood  is  reduced,  the  NaHCOj  follows  downward.  This,  we  find,  and 
not  acidosis,  is  what  occurs  also  in  carbon  monoxide  asphyxia. 

A  simple  test  for  differentiating  between  low  blood  al^ili  of  acidotic 
and  that  of  acapnial  or^in  is  the  administration  of  air  to  which  8  to  10 
per  cent  of  COi  has  been  added.  This  quickly  causes  death  in  acidotic 
subjects;  but  it  induces  a  rapid  recall  of  alkali  to  the  blood,  and  restora- 
tion of  tie  subject  to  a  virtually  normal  condition  of  health  if  the  con- 
dition is  of  acapnial  origin. 

We  have  now  {in  collaboration  with  Dr.  R.  C.  Cobum)  applied  this 
treatment  to  patients  after  sui^cal  operation  and  anesthesia.  The 
result  has  been  that  alkali  was  recalled  to  the  blood,  that  arterial  pres- 
sure and  other  functions  were  restored  to  normal,  and  that  the  ane^ 
thetic  was  rapidly  eliminated  by  the  full  breathir^  diuing  the  COj 
inhalation  with  a  consequent  great  reduction  of  nausea. 
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In  dogs  asphyxiated  witii  carbon  monoxide  (in  invest^ations  for  the 
U.  S.  Bureau  of  Mines)  strildi^ly  beneficial  results  have  been  obtained 
by  means  of  oxygen  reinforced  with  10  per  cent  COi. 

Electron  tube  amplificaHon  vnth  the  string  galvanometer.    Alexander 

FoBBES  and  Catharinb  Thachob. 

Acting  on  a  si^estion  of  Dr.  H.  B.  Williams  we  have  developed  a 
method  of  using  an  electron  tube  to  amplify  those  action  currents  in 
the  nervous  system,  which  are  too  small  to  rec<mi  satisfactorily  with 
the  string  g^anometer  luaided.  We  used  a  "D-tube"  loaned  by 
tiie  Western  Electric  Company.  The  device  consista  of  a  vacuum 
tube  with  a  cathode  in  the  fonn  of  a  filament  heated  to  incandescence 
by  a  current,  an  anode  in  the  form  of  a  metal  plate  and  an  auxiliary 
electrode  in  the  form  of  a  grid  between  the  two.  The  hot  cathode 
emits  electrons,  thus  enabling  a  current  to  pass  from  plate  to  filament 
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witiiin  the  tube  if  properly  connected  with  a  battery.  If  the  grid  is 
made  positive  with  respect  to  the  filament  the  plate-to-filament  reeist- 
ance  is  lowered;  if  oe^tive,  it  is  raised.  Thus  the  current  in  the  tube 
is  regulated  by  variations  in  the  potential  of  the  grid.  Small  variations 
in  grid  potential  can  produce  large  variations  in  the  plate  current; 
thus  the  tube  acts  as  a  relay,  reproducing  greatly  amplified,  the  im- 
pressed E.  M.  F. 

The  string  galvanometer  cannot  be  placed  directly  in  series  with  the 
battery  and  Uie  tube;  the  resulting  current  would  destroy  the  string. 
At  the  su^estion  of  Mr.  Sewall  Cabot  the  string  was  protected  by 
placing  a  large  condenser  in  series  with  it,  and  the  current  was  shunted 
by  the  string  and  condenser  through  a  resistance  and  of  the  same  order 
of  magnitude  as  that  of  the  tube.  The  arrangement  ia  shown  in  the 
accompanying  figure.  The  resistance  and  the  tube  being  connected  in 
series  with  a  battery  of  fixed  voltage,  a  change  in  tube  resistance  wiU 
cause  a  change  in  pot^itial  difference  across  the  tube.  This  will  cause 
current  to  fiow  from  one  plate  to  the  other  of  the  condenser  through 
the  string.    By  using  a  condenser  of  very  large  capacity  a  source  of 
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current  is  obtained  which  is  practically  constant  throughout  the  brief 
duration  of  an  action  current  in  nerve  or  muscle.  In  other  words,  the 
partial  discharging  of  the  condenser  following  a  disturbance  of  equihb- 
rium  is  so  slow  that  no  appreciable  distortion  results  in  the  amplifica- 
tion of  a  brief  action  current.  The  battery  Ee  in  the  grid  circuit  ia 
introduced  to  give  a  bias,  or  initial  n^ative  potential,  to  the  grid. 
This  serves  to  make  the  device  function  as  an  electrometer  in  that  the 
'  excursions  of  the  string  are  independent  of  the  resistance  in  the  tissue. 
It  increases  the  amplification. 

The  amplificaton  obtained  with  this  device  depends  on  the  resist- 
ance of  the  tissue  in  circuit  between  the  electrodes,  and  in  part  also 
on  the  resistance  of  the  string.  If  the  resistances  of  both  tissue  and 
string  are  very  small  there  will  be  no  amplification;,  if  the  resistance  of 
either  is  large  there  will  be.  With  a  tissue  resistance  of  50,000  ohms 
about  25-foId  amplification  may  be  obtained. 

A  wiring  scheme  has  been  installed '  whereby  it  is  possible  to  shift 
from  the  standard  arrang^nent  of  the  galvanometer  to  the  electron 
tube  arrangement  in  about  two  minutes,  by  merely  throwing  a  few 
switches  and  making  two  or  three  minor  adjustments. 

The  following  values  of  the  various  qu^ties  involved  have  been 
found  with  a  "D-tube"  efficient  and  convenient;  filament  current, 
1.10  ampere;  grid  potential,  —1.5  volt  {one  dry  cell);  plate  battery 
voltage,  275;  resistance,  50,000  ohms;  condenser,  15  microfarads, 
(made  up  of  Western  Electric  paper  condensers). 

The  complete  account  of  the  work  will  appear  soon  in  this  Journal. 

Obaervationa  on  the  pathological  phyndogy  of  chronic  pulmonary  em- 
physema.   R.  W.  Scott. 

Two  individuals  with  well-marked  chronic  pulmonary  emphysema 
of  the  so-called  "large  lung"  tj^pe  have  been  studied  over  a  period  of 
several  months.  It  was  found  that  these  patients  breathe  h^h  per- 
centages of  COi  (8  to  11  per  cent)  for  a  period  of  ten  to  fifteen  minutes 
without  any  marked  distress  and  with  little  increase  in  the  minute 
volume  over  that  observed  while  breathing  room  air.  As  an  explana- 
tion of  this  unusual  tolerance  to  inspired  COi,  two  possibilities  were 
considered;  a,  some  interierence  with  the  passage  of  CO]  from  the  lung 
air  into  the  blood;  b,  an  increased  capacity  for  the  storage  of  COi  in 
the  blood  and  body  fluids. 

To  study  the  question  of  pulmonary  permeability,  experiments 
were  done  to  ascertain  the  rapidity  with  which  equilibrium  was  estab- 
lished between  the  C0|  of  the  blood  and  the  lung  air.  A  procedure 
similar  to  that  described  by  Henderson  and  Prince  was  employed  after 
four  or  five  rebreathlngs,  the  COj  of  the  lung  air  reached  a  constant 
level  which  was  definitely  higher  than  that  found  under  similar  exper- 
imental conditions  in  normal  individuals.  Equilibrium  was  reached  at 
the  same  high  level  and  in  approximately  the  same  length  of  time  when 
the  (lir  first  inspired  contained  either  a  low  (room  air)  or  a  high  per- 
centage of  COi  (12  to  14  per  cent).    A  level  of  about  9,4  per  cent  of 
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COt  was  reached  in  the  BubjectB  with  emphysema  as  compared  to  7.2 
to  7.4  per  cent  C0»  in  the  cases  of  several  normal  individuals  observed. 
Confirmatory  evidence  for  these  results  was  afforded  by  the  direct 
determination  of  the  total  COi  content  of  the  arterial  and  venous 
plasma  together  with  estimations  of  the  H-ion  concentration  of  the 
whole  blood  (arterial)  as  drawn.  In  the  case  of  emphysema  the  arterial 
COj  averaged  75  vols,  per  cent  (0''-760  mm.  Hg.)  and  the  venous  COj 
80  vols,  per  cent.  In  a  series  of  19  normal  individuals  the  arterial  COj 
averaged  57  vols,  per  cent  and  the  venous  COi  63  vols,  per  cent.  The 
pH  of  the  whole  blood  (arterial)  in  the  case  of  emphysema  was  normal. 
These  facts  indicate  that  both  the  free  and  combined  COt  of  the  blood 

are  elevated  but  the  ratio  ..,  tt/-iA  aJ^d  hence  the  CH  is  maintained  nor- 

AailLiUa 
mal.  Apparently  the  degenerative  process  in  the  lung  leads  ultimately 
to  dimini^ed  aeration  of  the  blood.  The  free  COi  is  elevated,  and  as 
a  epmpensatory  measure  to  keep  the  CH  within  narrow  physiological 
limits,  the  bicarbonate  is  maintained  at  a  high  level  which  appears  to 
be  permanent.  This  condition  in  man  is  analogous  to  that  found  in 
animals  made  to  breathe  air  rich  in  COi.  Both  cases  clearly  demon- 
strate that  the  bicarbonate  content  of  the  blood  and  body  fluids  is  not 
a  fixed  quantity,  but  may  undergo  a  considerable  increase  to  combat 
an  impending  COj  acidosis.  Since  the  buffer  value  of  blood  is  directly 
proportional  to  the  bicarbonate  content,  it  seems  probable  that  in  the 
ease  of  emphysema  a  higher  percentage  of  COj  in  inspired  air  is  required 
to  produce  a  given  elevation  in  the  blood  CH.  However,  when  this 
level  is  reached  the  ability  to  prevent  a  further  increase  is  limited 
because  of  the  definite  impairment  in  lung  ventilation  in  chronic 
emphysema. 

Observations  on  the  pkyaical  effidenqj  testa  used  by  the  Royal  A  ir  Force  of 

Englavd.     EnwAnn  C.  Schneider, 

In  England  under  the  guidance  of  Lieutenant-Colonel  Martin  Flack 
a  set  of  simple  physiological  testa  was  devised  to  indicate  subjects  who 
were  likely  to  suffer  from  discomforts  in  the  air,  symptoms  which 
might  be  due  to  lack  of  proper  oxygenation  of  the  blood  and  were  likely 
to  render  the  man  unfit  for  flying.  The  tests  grew  in  number  with 
experience  and  the  application  was  extended  to  detect  flying  stress  or 
fatigue. 

An  analysis  of  the  records  of  American  aviators  who  underwent  the 
rebreathing  examination  and  the  English  set  led  to  the  conclusion 
that  these  tests  do  not  give  a  reliable  indication  of  how  well  a  man  will 
respond  to  diminished  oxygen  tensions.  The  data  are  not  capable  of 
physiological  interpretation  unless  they  represent  the  best  effort  that 
can  be  put  into  each  test.  Indifferent  subject  and  listless  observer 
both  vitiate  the  results.  The  tests  are  in  some  respects  psychological, 
since  if  a  man  determines  to  hold  the  breath  until  discoiofort  is  pro- 
nounced it  can  be  done  or  he  may  give  up  with  the  first  feeling  of  effort. 
To  sustain  the  mercury  column  in  the  "fatigue"  test  requires  as -well 
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some  skill,  and  a  proper  set  of  lipe  may  eaee  the  perfonuaace  bo  much 
that  10  to  20  seconds  are  added  to  the  length  of  the  hold.  The  expira- 
tory force  test  requires  effort  and  experience.  One  often  improves  his 
record  appreciably  after  several  perfonnanees.  The  mentsJ  attitude 
of  the  subject  may  make  or  mar  these  tests.  Therefore  it  is  believed 
that  the  teats  depend  too  much  upon  the  hearty  codperation  and  the 
complete  attention  of  the  subject. 

The  infivence  of  low  oxygen  tensions  on  venous  blood  pressure  in  num. 

Edwabd  C.  Schnbideb. 

Low  oxygen  tension  effects  on  the  venous  blood  pressure  were  studied 
during  a  period  of  gradual  decrease  in  which  the  lower  limits  of  the 
parti^  pressure  of  oxygen  ranged  between  48  and  79  mm.  Hg.  The 
experiments  lasted  from  25  to  45  minutes.  Three  methods  were 
employed  to  obtain  low  oxygen  tensions,  the  low  pressuie  chamber; 
rebreathing  of  air,  from  which  the  carbon-dioxide  produced  by  the  sub- 
ject was  removed  by  sodium  hydroxide,  at  normal  atmospheric  pres- 
Bure;  and  air  diluted  with  nitrogen.  All  observations  were  made  on 
officers  and  enlisted  men  at  the  Medical  Research  Laboratory  of  the 
Air  Service,  Tj.  S.  Army. 

The  effects  on  the  venous  pcpssure  were  the  same  regardless  of  the 
method  used  to  vary  the  oxygen.  This  is  interpreted  as  proof  that 
the  effects  were  not  the  result  of  a  mechanical  action  but  the  result  of 
the  changes  in  oxygen. 

The  general  response  in  the  venous  pressure  during  the  reduction  in 
ox^en  was  a  fall  that  ranged  between  22  and  146  per  cent  of  the  indi- 
vidual's sea-level  normal.  In  48  per  cent  of  all  cases  the  fall,  which 
was  gradual,  began  within  the  ffrat  five  minutes,  in  which  time  the 
oxygen  decreased  from  21.96  to  about  18.5  per  cent,  or  from  159  to 
140  mm.  partial  pressure.  In  19.6  per  cent  of  cases  the  drop  first 
appeared  between  the  fifth  and  tenth  minutes  or  by  the  time  the  oxy- 
gen had  decreased  to  16  per  cent  (122  mm,).  'The  rat«  of  fall  in  the 
venous  pressure  was  ordinarily  most  rapid  after  the  oxygen  reached 
12  per  cent  (91  mm.).  In  4  out  of  a  total  of  56  experiments  this 
venous  response  failed  to  occur. 

Cirexdatory  reaetiona  to  hemorrhage.    Walteh  J.  Meek  and  J.  A.  E. 

Etstbr. 

The  reactions  to  hemorrhages  amounting  to  as  much  as  2  per  cent 
of  the  body  weight  have  been  studied  in  a  series  of  anesthetized  dogs 
by  means  of  the  X-ray,  arterial  and  venous  pressure  manometers  and 
the  cardiometer.  In  the  intact  morphinized  animal  the  diastolic  size 
of  the  heart  is  maintained  until  about  2  per  cent  of  the  body  weight  of 
blood  is  lost.  The  hemoglobin  determinations  indicate  no  important 
restoration  of  blood  volume  during  this  period.  Blood  pressure  and 
heart  rate  remain  unchained. 

In  the  anesthetized  animal  with  open  chest  and  artificial  respiration, 
the  volume  output  per  minute  and  the  volume  output  per  beat  remain 
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unchanged  until  about  1  per  cent  of  the  body  weight  of  blood  is  lost. 
There  is  then  a  rather  abrupt  decrease.  Recovery  after  each  bleeding 
becomes  poor.  Systolic  and  venous  pressures  also  fail  to  recover  their 
normal  level  and  the  pulse  rate  is  permanently  increased. 

On  the  basis  of  these  facts  it  may  be  concluded  that  after  small 
hemorrhages  there  is  some  other  mechanism  than  those  usually  recc%- 
nised  which  insures  a  normal  return  of  venous  blood  to  the  heart  in 
spite  of  the  reduced,  volume.  A  possible  explanation  might  be  found 
in  s  decreased  capacity  of  the  venous  cisterns  together  with  an  increased 
velocity  of  the  blood  returning  to  the  right  heart.  This,  however, 
remains  to  be  demonstrated. 

Studies  on  the  responses  of  the  circulation  to  low  oxygen  temion.    II. 

The  electrocardiogram  during  extreme  oxygen-want.    Chas.  W.  Gbbenb 

and  N.  C.  Gilbeet. 

Teats  were  made  of  the  low  oxygen  endurance  of  twenty-two  men  by 
the  rebreather  method.  Clinical  records  were  taken  at  minute  inter- 
vals of  the  pulse  rate,  systolic  and  diastolic  blood  pressure,  respiratory 
rate  and  minute-volume.  Electrocardiograms  were  taken  at  periods 
of  five  minutes  during  the  first  two-thirds  of  the  test  and  at  two-minute 
intervals  in  the  last  third.  Attempt  was  made  to  secure  an  electro- 
cardiogram just  before  the  close  of  the  experiment  and  a  check  was 
taken  just  after  closii^  the  test.  Of  the  twenty-two  soldiers  tested, 
eight  or  about  36  per  cent  showed  irregularities  of  the  heart  rate  and 
t^e  of  beat.  The  heart  rate  accelerates  rapidly  toward  the  close  of 
lj[te  rebreather  test,  a  fact  well  established  by  the  published  experience 
of  the  Medical  Research  Laboratory  of  the  Air  Service.  The  Air 
Service  also  reports  a  certain  percentage  of  cases  that  tend  to  collapse 
at  the  close  of  an  extreme  test.  In  our  series  the  test  was  pushed 
beyond  the  usual  limits,  in  fact  to  the  point  of  inefficiency  of  the  nerve 
reactions  represented  by  impending  or  actual  unconsciousness. 

With  the  onset  of  collapse  the  heart  rate  suddenly  slows.  The  elec- 
trocardiogram proves  that  the  slowing  is  due  to  disturbance  and  sup- 
pression of  function  of  the  S-A  node  with  temporary  persistence  and 
dominance  of  the  rhythm  by  the  A-V  node.  Conduction  is  also  de- 
pressed if  not  lost  as  between  the  two  nodes  but  not  distal  to  the  A-V 
node  at  this  stage  of  oxygen-want.  In  one  test  complete  dissociation 
occurred.  The  auricular  rate  was  slower  than  the  ventricular,  a  phe- 
nomenon not  present  in  the  usual  type  of  heart  dissociation.  Com- 
plete loss  of  the  P  wave,  the  evidence  of  auricular  contractions,  occurred 
in  two  extreme  tests.  Irregularities  of  heart  rhythm  and  in  the  point 
of  origin  of  the  beat  were  developed  in  at  least  one  striking  case.  We 
conclude  that  extreme  oxygen-want  in  man  depresses  the  rhythm  and 
the  conduction  in  the  heart  and  that  the  basal  or  sinus-aurici^ar  region 
is  the  most  sensitive,  both  as  to  rhythm  production  and  conduction. 
The  mechanism  is  sensitive  to  oxygen-want  in  the  base-apex,  i.e., 
the  auricle-ventricle  direction — a  point  of  phylogenetic  significance. 
Doubtless  the  same  loss  holds  in  oxygen-want  in  diseases  aa  in  these 
Donuid  healthy  men. 
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Relation  of  caialase  to  heart  actimty.    R.  J.  Seymour. 

Determinations  were  made  of  the  catalase  content  of  the  ventricular 
muscle  of  turtle  hearts  which  were  beating  at  various  rates  as  the 
result  of  exposure  to  various  degrees  of  temperature.  Hearts  were 
warmed  and  cooled  both  in  situ  and  isolated  and  were  then  tested  for 
catalase  content.  The  results  of  such  determinations  showed  no 
relationship  between  the  heart  rate  and  oatalaae  content. 

Removal  of  the  duodenum.    F.  C.  Mann.' 

The  investigation  was  undertaken  for  the  purpose  of  determining 
the  effects  of  the  removal  of  the  duodenum.  Previous  work  on  the 
problem  was  reviewed.  The  anatomy,  physiology  and  pathology  of 
the  duodenum  and  their  relation  to  the  extirpation  of  the  organ  was 
discussed.  A  one-stage  operation  for  the  removal  of  the  duodenum 
was  described. 

The  duodenum  was  removed  from  the  dog,  cat,  hog,  goat  and  mon- 
key although  in  only  the  first  three  species  has  the  operation  been 
sufficiently  successful  to  warrant  conclusions.  Careful  studies  on  the 
dog  did  not  reveal  any  noticeable  changes  following  the  duodenectomy. 
Some  of  the  animals  have  remained  in  good  condition  for  many  montl^, 
and  one  for  more  than  a  yeaTp  In  all  instances  in  which  the  animal 
did  not  do  well,  some  complication  has  been  responsible  and  not  the 
loss  of  the  duodenum. 

Examination  of  the  blood  showed  it  to  be  normal  with  regard  to 
cell-counts,  hemoglobin,  carbon  dioxide  combining  power  and  hydrogen 
ion  concentration.  None  of  the  animals  have  developed  glycosuria. 
X-ray  examination  has  shown  the  course  of  standard  barium  meal  to 
be  practically  the  same  aa  in  the  normal  dog.  Gastric  secretion  also 
seems  to  be  normal.  Removal  of  the  duodenum  in  the  hog  has  not 
prevented  normal  development  nor  normal  accumulation  of  fat.  The 
cat  also  remains  in  a  seemingly  normal  condition  after  duodenectomy. 

No  data  have  been  secured  to  show  that  the  duodenum  is  of  great 
importance  in  any  of  the  species  used. 

The  interpretation  of  certain  muade  phenomena  in  terms  of'aUor  none." 

Theo.  Kbuse. 

The  interpretation  of  certain  muscle  phenomena  in  terms  of  "all  or 
none"  is  based  on  the  conception  that  only  a  limited  number  of  fibers 
contract  with  weak  stimuli.  As  the  current  is  increased,  more  fibers 
become  involved  but  the  intensity  of  contraction  of  any  individual 
fiber  may  be  considered  the  same  in  either  case. 

According  to  this  conception  the  height  of  contraction  in  a  given 
state  is  largely  dependent  upon  the  number  of  fibers  stimulated.  Cer- 
tain changes  in  the  time  relations  with  varying  stimuli  are  in  part  due 
to  the  resistance  of  the  non-contracting  fibers.  Certain  chaises  in  the 
time  relations  with  varying  loads  are  of  a  character  similar  to  changes 
produced  by  weakstimuli.     The  principal  manifestation  of  this  change 
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is  a  prolongation  of  the  contraction  phase  so  measured  from  the  point 
of  stimulation. 

Changes  id  the  relaxation  phase  due  to  tonus  following  weak  stimuli 
may  be  quickly  eliminated  by  immersion  in  a  cocaine  solution  while 
tonuB  produced  by  strong  stimuli,  presumably  affecting  more  internal 
fibers,  may  not  be  removed  for  much  longer  periods  of  immersion. 
The  diffusion  time  of  cocaine  is  believed  to  account  for  this  variation. 

The  application  of  the  "  all  or  none"  principle  is  of  distinct  value  for 
the  interpretation  of  the  state  of  the  tissue  and  certain  changes  pro- 
duced by  experimental  procedure  and  by  drugs.  Such  consideraUon, 
however,  should  not  minimize  the  importance  of  other  factors. 

Heai  production  in  turtle's  cardia  in  response  to  stimulus  through  vagus 

nerve.     Chakles  D.  Sntdeh. 

To  avoid  error  introduced  by  heat  of  electrical  origin  inevitable 
when  smooth  muscle  is  tetanized  directly,  a  vago-cardia  preparation  of 
turtle's  stomach  is  isolated  and  mounted  in  the  muscle  chamber  for 
determination  of  heat  production. 

An  insert  thermopile  of  30  iron-constantan  junctions  is  used  in  series 
with  low  resistance  D'Arsonval,  whose  sensitivity  (1  mm.  deflection  at 
1  M.  distance)  is  1  x  10-'  amp.  of  current.  Theoretical  thermometric 
value  of  1  mm.  deflection  equals  galvanometer  sensitivity  divided  by 
amperes  developed  by  difference  of  l''C.  between  cold  and  warm  junc- 
tions of  thermopile,  the  latter  in  series  with  galvanometer  of  12  Q 
plus  necessary  additional  resistance  required  for  critical  damping  (160). 
That  is,  in  the  present  case 

1X10-'.    12+ill±M  =  2.5X10-=C. 
30  X  53  X  10-* 

The  period  of  the  galvanometer  is  19  seconds,  but  is  not  too  slow  for 
smooth  muscle  of  cold-blooded  species. 

As  satisfactory  experiments  I  report  the  two  following: 
Experiment  of  IS/ 1/19.  Vago-cardia  preparation;  weight,  5.3 
grams.  Of  muscle  coats,  only  ca.  2.7  grams.  Isotonic  lever  weight 
lifted  by  muscle  in  all  cases  20.7  grams.  Preparation  left  with  mucosa 
inside,  thus  in  direct  contact  with  "warm  junctions"  of  thermopile. 
"Cold  junctions"  covered  with  stomach  muscle  strips.  Temperature 
of  muscle  chamber  ca.  20''C. 
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Expa^ment  of  12/6/19.  Vago-cardia  preparation.  Cardia  everted. 
Weight,  ca.  3.7  grams.  "  Cold  junctions"  covered  with  strips  of  stom- 
ach muscle  without  mucous  coat.  Isometric  lever  with  Ludwig  vertical 
writing-tip. 
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In  the  two  experiments  here  reported  it  will  be  seen  that  the  cardia 
of  the  turtle  when  stimulated  through  its  nerve  exhibits  a  rise  of  tem- 
perature from  0.0001°C.  per  gram  tension  exerted  in  the  one  case,  to 
0.0001°  or  0.0007''C.  in  the  second  case. 

Whether  the  heat  necessary  for  this  is  developed  in  the  contracting 
muscle  or  whether  a  part  or  all  of  it  is  produced  in  the  gastric  glands  of 
the  mucosa  which  also  are  probably  stimulated  to  activity  by  the 
fibers  in  the  nerve  trunk,  cannot  be  stated  at  present  with  certainty  and 
is  a  point  that  must  be  determined  and  taken  into  account  before  any 
further  conclusions  are  drawn.  Inasmuch  as  the  rise  of  temperature 
at  the  thermocouple  junctions  was  greater  in  the  case  where  the  stom- 
ach rii^  was  everted  (exper.  of  12/6/19),  it  may  be  inferred  tentatively 
that  the  muscle  of  the  cardia  is  the  greater  source  of  heat. 

Some  remarks  on  eaialase.    Thbo.  C.  Burnett. 

A  brief  review  of  the  recent  work  of  Burge  and  his  collaborators  is 
given,  and  the  criticisms  that  have  appeared.  His  theory  that  catalase 
is  secreted  by  the  liver  and  is  responsible  for  oxidations  is  not  proved. 
Some  observations  on  the  effect  of  ether  on  blood  show  that  contact  of 
fluid  ether  with  blood  is  not  destructive  of  catalase.  It  is  suggested 
that  catalase  is  a  constituent  of  the  cell  itself,  and  varies  in  its  composi- 
tion and  activity  in  different  tissues,  as  shown  in  preparations  made 
after  the  method  of  Batelli  and  Stem. 

Further  studies  on  exinlation  of  infections  of  the  throat.    Stuart  Mudd, 

Sauuel  B.  Grant  and  Alfred  Oolduan. 

In  experiments  reported  last  spring  it  was  shown  that  chilling  of  the 
body  surface  causes  vasoconstriction  and  ischemia — not,  as  formerly 
assumed,  congestion— in  the  mucous  membranes  of  the  human  palate, 
faucial  tonsil  and  pharynx.  In  this  respect  these  membranes  and  the 
skin  evidently  function  similarly  in  heat  regulation. 

The  chief  method  employed  has  been  direct  measurement  of  varia- 
tions in  temperature  in  the  exposed  mucous  and  cutaneous  surfaces  by 
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thermopiles  applied  by  means  of  galvanized  iron  "applicators."  The 
applicators  in  the  early  work  were  strapi>ed  in  position  with  adhesive 
tape.  Id  the  present  experiments  they  have  been  held  stably  in  place 
by  a  specially  devised  holder;  the  wire  applicator  ia  held  by  a  set  screw 
in  a  groove  borne  by  a  metal  spheroid  whach  is  attached  by  the  bladee 
of  a  head  mirror  to  a  second  spheroid  screwed  into  one  arm  of  a  Doyen 
mouth  gag  held  between  the  subject's  teeth.  Stability  and  ease  of 
adjustment  are  thus  attained. 

Although  skin  and  mucous  membranes  become  ischemic  together 
on  chilling  the  body  surface,  differences  have  been  shown  to  exist  in 
their  reactions  to  rewarming.  The  skin  returns  to  a  little  above  its 
initial  temperature ;  palatine  and  pharyngeal  membranes  have  remained 
somewhat  ischemic;  the  tonsillar  temperature  has  risen  well  above  its 
level  of  before  chilling. 

It  seems  possible—although  this  is  mere  speculation — that  this 
tonsillar  hyperemia  is  an  adaptation  secondarily  acquired  as  a  protec- 
tion against  the  organisms  always  present  upon  the  deUcate  epithelium 
of  the  tonsillar  crypts. 

With  inhalation  of  amyl  nitrite,  skin  temperature  has  always  shown 
a  sharp  transient  rise.  The  mucous  membranes,  if  relatively  ischemic, 
show  a  rise  parallel  to  the  skin.  If  abready  hyperemic,  local  vasodila- 
tion in  the  mucous  membrane  with  amyl  nitrite  ia  more  than  counter- 
balanced by  the  lowering  of  general  blood  pressure,  and  temperature 
falls. 

Daily  bacteriological  cultures  were  made  from  the  subject's  nose, 
pharynx  and  tonsils.  The  nasal  flora  was  sparse  and  imaffeoted  by  the 
experiments.  In  three  instances  a  chilling  experiment  was  followed  by 
marked  relative  increase  in  the  numbers  of  one  microorganism  in  the 
throat,  the  remaining  flora  remaining  apparently  imaltered.  In  one 
subject  Streptococcus  hemolyticua  proliferated;  in  a  second.  Micro- 
coccus catarrhalis;  in  a  third,  B.  influenzae.  The  first  two  instances 
were  synchronous  with  the  appearance  of  a  clinical  sore  throat;  in  the 
case  of  B.  influenzae  there  were  general  malaise,  sHght  headache  and 
chilliness,  without  local  symptoms. 

Chilling  in  these  experiments  by  exposing  the  bared  body  to  an 
electric  fan  for  5.5  to  28  minutes  in  a  room  of  16.9  to  20.9°C.  failed  in 
any  case  to  produce  albuminuria  or  glycosuria.  However,  a  urine 
more  dilute  tJian  before  the  experiment  was  excreted.  The  reaction 
of  the  urine  was  usually  changed  from  acid  to  alkaline;  this,  on  further 
analysis  by  Grant  and  Goldman,  was  found  to  be  referable  to  the  loi^ 
period  of  forced  respiration  in  each  experiment. 

The  experimental  production  of  edema  as  related  to  protein  deficiency. 

BmutT*  a.  KOHlCAIf . 

Denton  and  Kohman,*  while  working  on  the  dietary  qualities  of 
carrots,  found  that  dropsy  occurred  in  a  large  percentage  of  rats  fed  on 

'  Denton  and  Kohmiui:  Joura.  Biol.  Chem.,  lOlS,  xxxvi,  249. 
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a  carrot  diet,  when  the  proportion  of  nitrogen  had  been  reduced  by  the 
addition  of  some  nitrogenous  foodstuffs,  such  ae  fat  or  starch.  A 
study  of  the  etiology  of  this  edema  was  undertaken.  The  study  was 
made  upon  rats.  Diets  deficient  in  protein,  in  calories,  in  fat-eoluble-A 
and  water-9oluble-B  except  a^  they  came  from  the  carrots,  and  deficient 
in  fat,  respectively,  were  fed.  Diets  of  high  and  low  water  content  and 
of  high  and  low  salt  content  and  of  an  increased  acid  content  were  fed. 
The  following  observations  were  made: 

1.  When  young  rats  are  fed  diets  composed  largely  of  carrots  and 
with  carrots  aa  the  only  source  of  protein,  a  large  percentage  of  the  rata 
develop  edema. 

2.  Fats  or  fat-soluble-vitamine  do  not  prevent  the  occurrence  or 
decrease  the  percentage  of  edema  in  rats,  even  if  10  per  cent  of  the 
calorie  value  of  the  diet  is  made  up  of  butter-fat. 

3.  The  water-eoluble-vitamine  does  not  prevent  the  occurrence  or 
decrease  the  percentage  of  edema  in  rats  fed  the  low  protein  diet, 

4.  Salts  do  not  play  any  appreciable  r6te  in  the  production  of  this 
type  of  edema,  for  even  when  the  salt  content  is  doubled  there  is  no 
noticeable  effect  upon  the  occurrence  of  edema. 

5.  The  water  intake  of  the  animal  which  is  feeding  on  the  low-pro- 
tein-carrol>-diet  decidedly  influences  the  development  of  the  edema. 
Edema  develops  more  frequently,  is  more  severe  and  develops  sooner 
on  a  wet  diet  than  on  a  dry  diet. 

6.  When  a  sufficient  amount  of  an  adequate  protein  is  added  to  the 
low~protein-carrot  diet,  in  place  of  an  equivalent  amount  of  com  starch, 
edema  is  not  only  averted  in  rats  feeding  on  this  diet  but  the  rats  show 
normal  growth  and  reproduction. 

7.  That  the  edema  does  not  develop  as  a  result  of  some  toxic  sub- 
stance in  the  carrots  is  shown  by  the  fact  that  rate  fed  on  the  control 
diet  with  the  same  carrot  content  as  the  low-protein-carrot-diet  but 
with  adequate  protein  did  not  develop  edema  and  showed  normal  well- 
being. 

8.  When  the  acid  content  of  the  diet  was  increased  the  percentage  of 
rats  developing  edema  was  increased  from  50  per  cent  to  80  per  cent. 
That  the  acid  in  this  diet  was  not  the  chief  etiological  factor  of  the 
edema  is  shown  by  the  fact  that  one  rat  on  tii^  diet  was  cured  and 
made  to  grow  normally  on  the  diet  with  no  change  in  the  acid  content 
but  with  an  adequate  protein  supply  replacing  an  equivalent  amount 
of  com  starch  in  the  diet. 

9.  The  edema  manifested  in  these  rats  is  not  due  to  simple  starva- 
tion, or  tow  calorie  intake,  for  when  rats  are  fed  a  diet,  including  1 
gram  of  adequate  protein  each  day,  of  the  same  calorie  value  as  the 
diet  fed  the  edematous  rat,  they  do  not  develop  edema. 

10.  This  edema  can  be  successfully  cured  by  supplying  the  diet  with 
adequate  protein.  Edema  was  produced  and  cured  three  times  in  one 
rat  by  altemating  low-protein  diet  (edema  producing)  with  an  ade- 
quate protein  diet. 
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11.  These  findings  warrant  the  general  conclusion  that  if  it  is  necee- 
Bary  to  limit  the  amount  of  protein  in  a  diseased  condition  or  in  a 
period  of  national  economic  stress  (as  was  necessary  in  some  of  the 
European  countries  during  the  recent  war),  it  is  advisable  to  admin- 
ieter  the  low-protein  diet  in  a  form  free  from  excess  of  water  and  any 
acid-producing  foods.  Symptoms  of  developing  edema  must  be  looked 
for  and  adequate  protein  sugglied  immediately  ty*  '^^'^t;  **  ru"?- 17. 

On  the  origin  of  the  muacidar  tremors,  clonic  and  tonic  spasms  in  para- 
thyroid tetany.  A.  B.  Luckhahdt,  M.  Sherman  and  W.  B.  Sehbin. 
Our  dogs  suffered  parathyroidectomy  after  the  animals  had  fully 
recovered  from  transection  of  the  cord  at  various  levels  as  gauged  by 
the  condition  of  the  animal,  the  wound,  and  the  rei^pearance  of  the 
several  spinal  reflexes. 

Recalling  the  fact  that  the  neuromuscular  phenomena  without  spinal 
transection  are  less  severe  in  the  hind  than  in  the  fore  limbs  we  record 
our  observations,  in  general,  as  follows: a.  The  fibrillary  contractions 
occur  in  the  musculature  posterior  to  the  transection;  for  they  may 
be  present  in  the  hind  limbs  independently  of  the  fore  limbs;  and  they 
persist  in  the  hind  limb  isolated,  as  far  as  the  musculature  is  concerned, 
from  the  remainder  of  the  body;  b,  The  clonic  spasms,  hkewise,  persist; 
e,  The  tonic  spasms  are  less  pronounced.  The  tonic  spasms,  when 
present,  are  in  a  great  measure  due  to  the  stimulation  of  sensory  nerves 
of  some  part  of  the  animal  posterior  to  the  transection. 

There  is  a  great  increase  in  the  reflex  irritability  of  the  animals  just 
prior  to  and  during  the  attack  of  tetany  followed  by  a  corresponding 
nervous  depression  after  subsidence  of  the  attack;  for  a,  removal  of 
the  [>arathyroids  simultaneously  with  spinal  transection  leads  to  tm 
earlier  return  of  the  reflexes  and  thus  cuts  short  the  period  of  spinal 
shock;  b,  during  an  attack  of  tetany  the  reflexes  are  all  exaggerated 
and  some  appear  pro  tempore  which  have  not  been  seen  before  or  after 
the  attack;  c,  lack  of  reciprocal  inhibition  in  the  patellar  phenomenon 
during  the  attack  of  parathyroid  tetany  points  in  the  same  direction. 

With  smEtll  graded  doses  of  strychnine  a  condition  can  be  produced 
in  an  animal  'indistinguishable  from  an  attack  of  parathyroid  tetany. 
Again,  parathyroidectomized  animals  are,  early  during  tetany,  more 
susceptible  to  strychnine  than  before  the  parathyroids  are  removed. 
Two  dogs  which  had  suffered  extensive  unilateral  extirpations  of  the 
cerebellum  some  5  weeks  previously  showed  tonic  extensions  of  the 
limbs  of  the  homolateral  as  well  as  the  contralateral  side  during  an 
attack  of  parathyroid  tetany  in  one  instance.  In  the  other  dog  the 
fore  leg  of  the  homolateral  and  the  hind  leg  of  the  contralateral  side 
were  tonically  extended.  The  tonic  spasm  is  not  as  sustained  as  on 
the  contralateral  side.  The  cerebellar  arc  seems,  therefore,  to  reinforce 
but  not  initiate  the  tonic  spasm.  Fibrillary  contractions  and  clonic 
spasms  occur  equally  well  on  both  sides  of  the  animal  (fore  and  hind 
limb). 
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Some  obaervatitms  tm  dark  adaptation  of  the  peripheral  retina.    M. 

Dbesbach,  John  E.  Sutton,  Jr.  imd  S.  R.  BmtBAOE. 

The  object  of  tbis  report  is  to  present  some  observations  made  on 
the  course  of  dark  adaptation  in  the  peripheral  retina  and  on  the  mooted 
question  of  regional  differences  in  the  retina's  sensibihty.  A  flash 
method  was  used,  permitting  of  quantitative  expression  of  the  sensi- 
bility at  any  moment.  The  size  of  the  field  ranged  from  1  to  10  degrees. 
The  nasal  and  temporal  regions  in  the  horizontal  plane  were  most  fre- 
quently studied,  but  fields  iu  various  other  meredia  were  also  stimu- 
lated. These  areas  were  located  generally  10  or  15  degrees  from  the 
fovea.  It  was  found  that  when  the  normal  retina  is  well  adapted  to 
daylight  and  the  light  ia  suddenly  and  completely  shut  off,  the  sensi- 
bility, measured  within  a  half-minute  thereafter  is  already  rapidly 
rising.  It  is  doubled  or  trebled  within  the  first  two  or  three  minutes, 
then  there  follows  a  retardation  for  three  to  six  minutes,  during  which 
time  fluctuations  in  the  threshold  occur.  At  the  end  of  six  to  ten 
minutes,  on  the  average,  in  the  individuals  studied,  the  curve  abruptly 
rises  and  continues  to  ascend,  generally  with  irr^ularities,  for  about 
an  hour.  We  have  not  been  able  to  show  much  increase  beyond  that 
time.  The  rate  at  which  the  curve  rises  to  the  maximal  point  varies 
in  the  same  individual  on  different  days  and  it  varies  in  different  indi- 
viduals. Often  there  is  a  marked  decrease  in  the  sensibihty  at  the  end 
of  an  hour,  or  sooner.  Marked  fluctuations  may  occur  at  any  time 
during  the  observations  and  these  fluctuations  cannot  always  be  as- 
cribed to  fatigue,  autokiuetic  sensations  associated  with  fixation  of  the 
eye  in  total  darkness  or  other  disturbances  commonly  met  with  in 
work  of  this  character,  They  seem  to  be  due  to  actual  changes  in 
sensibility  of  the  cerebro-retinal  apparatus. 

Kegional  differences  in  sensibihty  exist.  The  difference  between  the 
nasal  and  temporal  sensibihty  in  equal  fields  15  degrees  from  the  fovea, 
e.g.,  may  amount  to  as  much  as  60  per  cent  at  any  instant.  At  another 
time  the  same  regions  in  a  given  individual  may  have  the  same  thresh- 
old value. 

Paradoxical  pupil  dilatation  /(Mowing  afferent  path  leeiona.    Joseph 

Byrne. 

All  previous  contributions  refer  to  efferent  path  lesions.  In  the 
present  studies  paradoxical  effects  were  elicited  by  adrenalin  intra- 
venously, death,  asphyxiation,  etc.,  as  follows:  (1)  In  the  contra- 
lateral pupil  after  o,  section  or  alcohohc  injection  of  onesciatic  nerve; 
b,  section  of  dorso-spinal  roots  Lvii-Sii;  (2)  In  the  homolateral  pupil 
^ter  a,  hemitransection  of  the  spinal  cord  in  upper  or  lower  cervical, 
or  in  lower  thoracic  or  upper  lumbar  segments;  b,  section  or  alcohohc 
injection  of  the  brachial  plexus;  c,  section  of  the  posterior  spinal  cer- 
vical roots.  Paradoxical  effects  are  not  abohshed  by  cord  transection 
just  above  or  below  the  upper  thoracic  segments,  nor  by  section  of  the 
cervical  sympathetic,  and  are  not  prevented  from  appearing  by  cervical 
cord  transection.  After  sciatic  section,  etc.,  paradoxical  effects  may  be 
elicited  from  about  the  8th  to  the  15th  day,  being  maximally  in  evi- 
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dence  about  the  12tb  day.  Concliiaions :  (1)  As  the  histological  changes, 
d^enerative  and  regenerative,  that  take  place  in  the  dorsal  root  ganglia 
after  sciatic  section  closely  coincide  in  time  and  extent  with  the  appear- 
ance and  disappearance  respectively  of  the  paradoxical  pupil  phenom- 
ena, it  eeema  these  latter  are  conditioned  by  the  functional  activity  of 
the  neurone  bodies  of  the  dorsal  root  ganglia  and  more  especially  of 
the  smaller  neurone  bodies  which  give  origin  to  the  unmyelinated, 
pain-bearing  Bbers  of  the  peripheral  nerves.  (2)  From  all  regions  of 
the  periphery  in  the  waking  state  a  flow  of  afferent  impulses  impinges 
on  the  upper  thoracic  segments  conditionii^  the  efferent  flow  from  the 
cord  to  ^e  dilator  pupillae.  (3)  The  efferent  flow  from  any  region  of 
the  periphery  probably  affects  both  pupils  but  because  of  unequal 
anatomical  distribution  one  pupil  is  more  affected  than  its  fellow. 
(4)  No  evidence  has  been  found  of  the  existence  of  cerebrospinal  dilator 
pathways  in  the  cervical  spinal  cord. 

A  cam-parison  of  the  phym^ogical  effects  of  alpha  and  beta  rays.    Alfred 

C.  Rediibld. 

A  study  of  the  effects  of  alpha  rays  from  radium  upon  the  egg  of 
Nerei^  limbata  indicates  that  there  are  no  fundamental  chaises  pro- 
duced by  alpha  rays  which  are  not  also  produced  by  beta  rays.  Differ- 
ences in  the  effects  of  alpha  and  beta  radiation  can  satiBfactorily  be 
explained  by  differences  in  their  penetrating  power.  Whereas  the  beta 
ray  passes  through  the  egg  with  slight  loss  of  energy,  and  acts  with 
almost  equal  intensity  on  all  parts  of  the  cell,  the  alpha  ray  is  com- 
pletely absorbed  before  passing  two-thirds  of  the  way  through  the  egg, 
and  acts  with  far  the  greatest  intensity  upon  the  surface  layers  of  pro- 
toplasm on  the  side  of  incidence.  Consequently  changes  in  the  process 
of  jelly  secretion  and  membrane  formation  are  limited  to  the  side  of 
the  egg  exposed  to  alpha  rays. 

Unfertihzed  eggs  may  be  activated  with  alpha  rays,  but  not  with 
beta  rays.  This  difference  is  explained  by  the  fact  that  in  the  caae  of 
alpha  radiation  the  cytolytic  action  of  the  rays  is  limited  largely  to 
the  cortex,  while  the  interior  of  the  cell  is  little  dama^d.  With  beta 
rays  the  interior  of  the  cell  is  killed  before  cortical  cytolysis  has  pro- 
ceeded far  enough  to  induce  activation. 

E^s  exposed  to  a  mixed  beam  of  alpha  and  beta  rays  are  killed  only 
slightly  more  readily  than  if  the  alpha  rays  are  excluded  from  action 
by  means  of  a  suitable  filter.  This  is  because  the  alpha  ray  effects  are 
sharply  localized  at  the  point  of  absorption  and  the  protoplasm  which 
is  not  reached  by  alpha  rays  survives  unless  the  accompanying  beta 
radiation  is  strong  enough  to  kill  it. 

Microdissedion  studies  on  the  fertiUzai/ion  of  the  starfish  egg.     Robbbt 

Chambebs. 

When  removed  directly  from  a  ripe  ovary  the  egg  of  the  starfish 
possesses  a  large  spherical  nucleus  or  germinal  vesicle.  After  the  egg 
has  stood  for  a  while  in  sea  water  the  boundary  of  the  nucleus  fades 
from  view  and  the  nuclear  sap  begins  to  diffuse  throughout  the  egg 
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substance.  A  small  remnant  of  nuclear  material  persists  as  the  defini- 
tive egg  nucleus  which  produces  the  polar  bodies  and,  upon  fertiliza- 
tion, unites  with  the  spenn  nucleus  to  form  the  segmentation  nucleus. 

It  has  been  shown  that  non-nucleated  fragments  of  the  egg  in  the 
germinal  vesicle  stage  are  non-fertilizable.  On  the  other  hand,  any 
fragment  of  an  egg  in  which  the  germinal  vesicle  has  disappeared  will 
admit  sperm  and  undei^o  segmentation. 

The  experiments  recorded  here  constitute  an  attempt  to  trace  the 
distribution  of  a  substance  which  is  necessary  to  render  the  egg  fertiliz- 
able  and  which  appears  to  emanate  from  the  egg  nucleus. 

Non-nucleated  fragments  were  cut  from  eggs  in  the  various  stages  of 
the  disappearance  of  the  germinal  vesicle  and  sperm  was  added.  The 
ability  of  the  fragment  to  approximate  r^ular  segmentation  was  in 
direct  proportion  to  the  amount  of  intermingling  of  nuclear  sap  and 
egg  substance  before  the  fr^^ent  was  cut  off.  The  later  the  stf^e  in 
the  disappearance  of  the  germinal  vesicle  the  less  irregular  is  the  seg- 
mentation of  a  fragment. 

This  substance  which  renders  the  egg  capable  of  fertilization  finally 
accumulates  in  the  periphery  of  the  egg.  It  was  possible  to  tear  the 
surface  layer  of  the  egg  and  to  cause  almost  all  of  the  internal  proto- 
plasm to  flow  out  through  the  tear  and  form  itself  into  a  spherule  which 
pinches  off  from  the  rest  of  the  egg.  The  remnant,  consisting  largely 
of  the  more  sohd  ectoplasm,  tends  only  slowly  to  round  up.  The 
extruded  very  fluid  mass  immediately  assumes  an  almost  spherical 
shape.  This  may  be  termed  the  endoplasmic  sphere.  The  fragment 
consisting  of  the  ectoplasmic  remnant  is  readily  fertihzable  and  under- 
goes normal  segmentation.  The  endoplasmic  sphere  is  non-fertilizable 
no  matter  whether  it  contains  the  egg  nucleus  or  not. 

If  the  endoplasmic  sphere  remains  connected  for  some  time  with  the 
ectoplasmic  remnant,  it  is  fertilizable.  The  ability  of  the  endoplasmic 
sphere  to  approximate  normal  segmentation  is  a  function  of  the  length 
of  time  that  it  remains  in  continuity  with  the  original  ectoplasmic  mass. 
This  is  intelligible  by  assuming  that  the  substance  which  renders  the 
egg  fertilizable  tends  to  distribute  itself  over  new  protoplasmic  surfaces. 

The  conclusion  is  that  a  substance  emanates  from  the  germinal 
vesicle  or  nucleus  of  the  immature  egg,  diffuses  gradually  throughout 
the  substance  of  the  egg  until  it  accumulates  in  its  periphery  and  on 
long  standing  in  sea  water  may  be  lost  from  the  e^.  The  presence  of' 
a  sufficient  amount  of  this  substance  in  the  protoplasm  of  the  egg  is 
necessary  to  fertilization, 

Susceptible  and  resistant  phases  of  the  dividing  sea-urckin  egg  when  sub- 
jected to  various  concentrations  of  lipoidsoluble  substances,  especially 
the  higher  alcohols.    Francis  Mahsh  Baldwin. 
When  subjected  to  suitable  concentrations  of  various  lipoid-soluble 
substances — i-amyl,   hexyl,   heptyl,    octyl   and    capryl    alcohols — the 
developing  sea-urchin  egg  shows  unmistakable  rhythms  of  susceptible 
and  resistant  phases,  which  facts  when  taken  in  connection  with  the 
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earlier  obaervations  of  Lyon,  Herlsnt,  Mathews,  Si>aulding,  Lillie  and 
others,  constitute  additional  evidence  that  a  very  intimate  relation 
exists  between  the  general  physiological  condition  of  the  egg  and  the 
physical  state  of  its  plasma-membrane.  Dming  the  first  few  minutes 
(ten  to  fifteen  minutes  after  fertilization)  the  eggs  are  more  susceptible 
to  all  Bubstancea  tried  than  at  any  other  time  until  the  period  just 
preceding  and  during  the  division  process.  A  comparatively  resistant 
phase  gradually  becomes  more  and  more  evident  up  to  just  before  the 
cell-division  (between  forty-five  and  forty-eight  minutes  after  fertiliza- 
tion). A  period  of  marked  increased  susceptibility  occurs  during  the 
division  process  which  outlasts  the  furrow  formation  in  most  ca,ses  by 
several  minutes  (some  instances  by  aa  much  as  ten  or  fifteen  minutes), 
aod  during  this  interval  marked  cytological  effects  in  the  eggs  are 
noted.  Subsequently  the  resistant  phase  is  largely  recovered,  and  ia 
then  maintain^  to  a  greater  or  less  degree  up  to  the  time  of  the  second 
cleavage. 

The  most  favorable  concentrations  of  the  various  alcohols  for  demon- 
strating the  rhythmical  relations  rai^  as  follows:  i-amyl,  between  0.7 
and  0,9  vol.  per  cent ;  hexyl,  between  0.13  and  0.17  vol.  per  cent;  heptyl, 
between  0.06  and  0.07  vol.  per  cent;  normal  octyl,  about  0.015;  wMle 
capryl  was  considerably  above  its  iaomere  (normal  octyl),  in  toxicity 
varying  in  range  between  0.035  and  0.045  vol.  per  cent.  The  best 
records  were  obtained  using  i-amyl  and  capryl  alcohols,  possibly  indi- 
cating a  higher  specific  toxicity  of  these  when  compared  to  the  others. 
When  suitable  concentrations  were  used,  no  marked  differences  could 
be  detected  by  varying  slightly  the  durations  of  exposure.  Eggs 
exposed  for  five,  eight  or  even  t«n  minutes  to  the  same  concentration 
gave  similar  results  when  referred  to  survivors.  This  however  would 
apply  only  within  comparatively  narrow  limits.  Data  when  plotted 
with  reference  to  survivors  and  time  exposures  respectively  give  typical 
reversible  curves  in  practically  all  cases. 

Effect  of  breathing  dry  and  moist  air.     E.  P.  Lyon  and  Esther  Gbeio- 

HEIMEB. 

The  air  surrounding  the  body  of  human  subjects  was  kept  constant 
in  temperature  and  humidity,  while  these  subjects  for  10  to  16  minute 
periods  breathed  air  of  constant  temperature  but  varying  humidity. 
Temperature  of  room,  20  to  22''C.,  humidity  of  room,  50  to  60  per 
cent.  Temperature  of  air  breathed  20"  to  SO^C.  in  different  experi- 
ments; humidity  of  air  breathed,  about  10  per  cent  and  90  per  cent 
respectively.  Tentative  results:  higher  pulse  rate,  lower  respiration 
rate,  higher  arterial  pressure,  greater  peripheral  vascularity  in  breath- 
ing moist  air  than  in  breathing  dry  air. 

Acidosis  a  criterion  of  surgical  shock.    Bernard  Raymund. 

The  work  here  summarized  is  an  attempt  to  determine  whether  there 
might  be  a  so-called  shock  level  in  the  alkali  reserve,  such  as  would 
constitute,  in  experimental  work,  a  useful  criterion  of  surgical  shock. 
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EbcperimeDtal  procedures  were  those  commODly  employed.  Dogs 
under  ether  auestb^a  were  brought  into  a  state  of  shock  by  genUe 
manipulation  of  the  intestines  for  short  periods  of  time  only.  The 
criteria  for  shock  used  were  those  proposed  by  Mann  in  1914  and  since 
generally  adopted.    The  following  conclufflons  were  arrived  at: 

1.  The  normal  alkali  reserve  of  the  dog,  as  determined  on  the  venous 
plasma  by  the  Van  Slyke  method,  varied  between  32.4  and  59.5  volumes 
per  cent,  corrected  The  mean  of  sixty-two  determinations  waa  42.7 
volumes  per  cent. 

2.  The  effect  of  etherization  was  to  cause  a  mean  fall  in  the  alkali 
reserve  of  10,5  volumes  per  cent  from  the  normal.  If  etherization  is 
prolonged  up  to  three  hours  the  mean  fall  from  the  normal  is  21.2 
volumes  per  cent.  Control  experiments  showed  that  there  is  not  much 
further  change  in  the  alkaU  reserve  if  etherization  is  prolonged  still 
further.  Thus  after  ten  hours  of  continuous  ether  anesthesia  one  dog 
showed  a  fall  in  the  alkaU  reserve  of  13.8  volumes  per  cent,  while 
another  showed  a  fall  of  26.6  volumes  per  cent.  These  figures  all  refer 
to  the  arterial  plasma. 

3.  The  dogs  used  could  be  classified  on  the  basis  of  the  length  of 
time  they  survived  after  trauma  was  begun.  Thus  four  types  of 
shock  were  made  out,  ranging  from  the  more  severe,  characterized  by 
sudden  onset  and  death,  to  that  in  which  few  or  none  of  the  cardinal 
signs  were  observed.  The  majority  of  the  dogs  showed  the  inter- 
mediate types,  living  from  two  hours  (type  II)  to  four  hours  and  a  half 
(type  III)  after  begmning  trauma. 

4.  When  shock  ensued  suddenly  the  fall  in  the  alkali  reserve  was 
relatively  insignificant.  When  shock  was  slow  in  appearing  the  alkali 
reserve  might  remain  high  for  some  time,  not  falling  until  after  the 
condition  of  the  dog  had  become  quite  grave.  There  was  no  correla- 
tion between  the  degree  of  this  fall  and  the  type  of  shock;  nor  could 
the  resistance  to  trauma  be  predicted  from  the  dog'sinitial  alkah  reserve. 

5.  Our  experiments  showed  further  that  the  alkali  reserve  may  fall 
no  lower  in  shock  tbail  in  previously  conducted  ether  controls  from 
which  the  dogs  make  good  recovery. 

6.  Thus  there  is  no  critical  level  for  the  alkali  reserve  of  the  blood  in 
relation  to  traumatic  shock. 

7.  None  of  the  signs  of  shock  were  shown  by  dogs  or  cats  given 
lethal  injections  of  acid  or  acid  phosphate. 

Further  reatiUs  on  the  physics  of  spkygmograpky.    A.  M.  Blbilb  and 

Cltd£  Bsooeb. 

The  RivBrRocci  and  similar  types  of  sphygmomanometers  contain 
certain  elements  of  construction  which  do  not  permit  the  determina- 
tion of  systolic  and  diastolic  pressing  by  direct  reading  of  the  manom- 
eter oscillations. 

One  factor  lies  in  the  large  volume  of  air  in  the  cuff  relative  to  the 
small  volume  of  displacement  possible  by  the  restricted  brachial  artery. 
The  compressibility  of  the  air  and  consequent  change  in  volume  would 
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set  a  limit  to  pressure  given  by  the  manometer  wluch  is  dependent  on 
the  possible  limited  change  in  the  volume  of  the  artery  rather  than  on 
the  pressure  itself.  Boyle's  law  PV  —  K  where  P  =  preesuie,  V  « 
air  in  the  cuff  and  K  the  resulting  constant,  applies  here.  P  being  lai^ 
(750  mm.  atmos.  pressure  and  say  100  mm.  added  ->  850).  V  being 
large,  usually  about  200  cc.  or  200,000  cu.  mm.  the  product  would  be 

170,000,000.    Now  P  =  ^  and  the  pressure  obtainable  I^  pulsation 

of  the  brachial  would  at  the  most  be  the  addition  of  the  volume  of 
that  artery  which,  assuming  a  diameter  of  5  mm.,  length  of  cuff  of 
100  mm.,  would  be  about  2,000  cu.  mm.  which  sum  only  would  be  sub- 
tracted from  the  divisor  thuB  giving  a  relatively  small  possible  difference. 
Even  without  this  theoretical  treatment  the  general  fact  was  recog- 
nized and  this  led  to  other  methods  than  direct  reading  of  the  ma^- 
nometer  such  as  interpretations  of  the  extent  of  the  oscillations,  the 
determinations  of  pressures  at  the  extinction  of  the  radial  pulse  and 
its  reSstablishment  by  palpation  and,  later,  by  determining  these 
points  by  the  auscultation  with  a  stethoscope  placed  over  the  brachial 
artery  just  below  the  cuff.  Without  discuBsion  of  these  methods  we 
offer  another  which  seemB  to  have  certain  advantages.  The  cuff  is 
filled  with  water,  a  non-compreesible  fluid  as  comparied  with  air;  one 
tube  of  the  cuff  is  connected  with  a  three-way  tube  again  uniting  into 
a  single  arm  connected  with  the  manometer.  One  branch  of  the  tube 
when  open  gives  the  ordinary  manometric  readings,  if  its  valve  is 
closed  to  a  capillary  opening  the  mean  arterial  pressure  is  given. 
Another  branch  carrieB  a  valve  opening  to  the  manometer  and  with 
this  tube  open  the  maximum  or  systolic  pressure  is  given.  The  third 
branch  carries  a  valve  opening  from  the  manometer  toward  the  cuff 
and  when  this  is  open  the  minimiiTn  or  diaBtoHc  presBUre  is  obtained. 
All  pressures  are  of  course  influenced  somewhat  by  the  resistance  of 
the  overlying  tissues.  The  cuff  is  filled  with  a  pressure  bottle  which 
can  readily  be  lowered  thus  taking  off  the  pressure  when  discomfort  is 
felt  by  the  subject  and  raised  after  recovery  without  derangement  of 
the  apparatus,  thus  making  long  observations  possible. 

The  infiuejice  of  internal  secretions  on  blood  pressure  and  the  formaHon  of 

hile.    Ardbey  W.  Downs. 

A  study  was  made  of  the  effect  of  intravenous  injections  of  the  fol- 
lowing gland  substances  on  blood  pressure  and  the  formation  of  bile: 
Mammary,  orchic,  ovarian,  pancreatic,  splenic,  thymic  and  thyroid. 
To  this  list  was  added  secretin  and  solution  of  adrenahn  chloride. 

As  the  result  of  these  experiments  we  believe  that  some  at  least  of 
the  endocrine  organs  exert  a  specific  influence  on  the  secretory  activity 
of  the  hepatic  cells  leading  to  the  production  of  bile.  The  output  of 
bile  in  the  dog  is  increased  by  the  administration  of  secretin.  It  is 
decreased  by  the  administration  of  adrenalin,  and  by  mammary, 
orchic,  ovarian,  pancreatic  and  thymic  gland  substances.  It  is  not 
affected  in  a  constant  or  definite  manner  by  the  substance  of  the  spleen 
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and  thyroid  gland.  Blood  pressure  is  raised  by  adrenalin  and  lowered 
by  pancreatic  substance  and  the  secretin  preparation  employed.  A  fall 
of  blood  pressure,  ordinarily  preceded  by  a  slight  rise,  is  caused  by 
orchic  and  mammary  gland  substances.  Oscillations  of  blood  pres- 
sure are  caused  by  ovarian  and  thyroid  gland  Bubstances.  Blood 
pressure  is  not  usually  affected  by  splenic  and  thymic  gland  substances. 
While  the  experiments  are  too  few  in  number  to  permit  definite  con- 
clusions to  be  drawn  yet  it  seems  certain  that  there  is  no  constant 
relation  between  blood  pressure  and  the  amount  of  bile  secreted. 
Adrenalin  consistently  raised  blood  pressure  and  lowered  bile  forma- 
tion. Secretin,  where  it  caused  a  change  in  blood  pressure,  produced  a 
lower  pressure  and  a  great  increase  in  the  flow  of  bile.  It  might  be 
urged  that  thyroid  gland  substance  owes  any  action  it  exerts  upon 
blood  pressure  and  bile  formation  to  the  intervention  of  the  adrenals; 
this  cannot  be  entirely  controverted  by  our  experiments.  That  thy- 
roid substance  increases  the  output  of  adrenalin  has  been  shown  by 
BQckner,'  Rudinger,  Falta  and  Eppinger*  and  Gleyand  Quinquaud.* 
In  our  experiments  there  is  no  constant  relationship  between  blood 
pressure  and  bile  production  after  the  administration  of  thyroid  gland 
substance.  We  did  not  find  bile  production  regularly  decreased  when 
blood  pressure  rose  or  vice  versa.  Intravenous  adrtunistration  of  the 
substance  of  the  pancreas  caused  lowering  of  the  blood  pressure  and 
lessening  of  the  output  of  bile.  To  a  lesser  extent  thymic  substance 
acted  in  the  same  manner.  If  we  place  in  contrast  with  this  the  effect 
of  secretin  it  would  seem  that  we  are  not  justified  in  concluding  that 
the  effect  on  bile  formation  is  due  to  the  alteration  in  blood  pressure. 

TA«  blood  in  clinical  shock.    G.  C,  Weil  and  C.  C.  Guthrie. 

These  studies  are  an  extension  of  the  blood  studies  in  experimental 
shock,  previously  reported. 

The  material  has  consisted  of  seven  patients  admitted  to  the  hos- 
pital following  traumatic  injury,  as  gun  shot  wounds  or  crushing  of  the 
liipbs,  and  one  post-operative  case.  The  clinical  symptoms  of  those 
in  shock  varied  from  mild  to  the  most  pronounced,  death  occurring  in 
some  instances. 

Blood  samples  were  taken  by  ear  puncture  and  from  an  arm  vein 
by  means  of  a  syringe. 

Red  cell  counts  were  of  subnormal  to  normal  range.     Ear  samples 
(by  puncture,  i.e.,  capillary)  ranged  shghtly  lower  than  venous. 
-  Hemoglobin  (by  Sahh's  method)  was  concordant  with  red  cell  counts. 
This  was  the  case  also  for  the  hemoglobin  content  of  venous  blood  as 
calculated  from  the  oxygen  capacity  (Van  Slyke's  method). 

PloBma  bicarboruUe  (by  Van  Slyke's  method)  was  in  the  upper  limits 
of  the  subnormal  rai^e. 

I  BUckner:  Compt.  rend.  d.  1.  Soc.  d.  Biol.,  1908,  litiv,  1123. 
■Rudinger,  Falta  and  Eppiager:  Zeitechr.  f.  klin.  Med.,  1008,  Ixiv,  1. 
•G!ey  and  Quinquaud:  Compt.  rend.  Acad.  d.  Sci.,  1913,  civi,  2013. 
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CoTtdusions:  The  results  accord  with  previous  experimental  find- 
ings,' namely,  as  indicated  by  red  cell  count  and  hemoglobin  concen- 
tration, the  blood  was  of  subnormal  to  normal  dilution. 

The  plasma  bicarbonate  content  was  moderately  diminished. 

Causatively,  blood  changes  are  not  considered  significant. 

Drs.  W.  S.  McEllroy  and  T.  K.  Kruae  are  aasociated  with  ua  in 
this  work, 

A  method  for  delermining  the  rate  of  oxygen  abaorption  by  blood.    W.  S, 

McEllrot  and  C.  C.  Gdthrie. 

Blood  from  influenzal  cases  was  observed  to  be  of  dark  color  and,  as 
judged  by  the  hue,  resistant  to  oxidation  on  exposure  to  air.  Addition 
of  serum  from  the  same  blood  accelerated  arterialization  but  not  so 
greatly  as  normal  serum.  In  serum  of  some  bloods  of  this  type  methe- 
moglobin  was  detected  spectroscopically.  It  was  considered  desirable 
to  determine  if  the  phenomenon  was  related  to  possible  deficiency  in 
in  oxygen-transmitting  capacity  of  the  serum. 

The  method  presented  has  been  developed  from  this  etandpoint, 
with  particular  reference  to  the  rate  of  oxygen  absorption.  Briefly,  it 
consists  in  reducing  blood  (1  cc.)  to  approximately  normal  venous 
oxygen  content  by  means  of  a  partial  vacuum,  and  then  continuously 
shaking  it  in  a  closed  air  chamber  until  it  is  saturated.  Changes  in 
volume  of  the  air  in  the  chamber  are  followed  by  frequent  readings  of 
a  delicate  manometer.  Quantitatively,  the  results  closely  agree  with 
direct  oxygen  content  determinations  (by  Van  Slyke's  method),  and 
the  curves,  plotted  from  the  readings,  correspond  well  with  curves  of 
the  rate  of  absorption  established  by  other  methods.  Control  testa 
show  comparatively  small  differences. 

The  method  is  in  the  experimental  stf^e  and,  therefore,  all  factors 
concerned  have  not  been  evaluated,  nor  its  value  and  limitations 
established,  but  the  results  encourage  further  study. 

Further  studies  on  the  action  of  acacia  and  aasociated  eoUoida.    Thbo. 
Kbube. 

1.  The  agglutination  of  human  blood  by  gelatin  and  acacia  is  equally 
intense  and  is  only  slight  with  soluble  starch. 

2.  Evidence  was  presented  showing  that  a^lutination  by  certain 
colloids  seems  to  be  a  function  of  the  aggregate  and  seems  less  apt  to 
be  due  to  a  possible  impurity  unless  its  presence  is  proportional  to  the 
concentration  of  the  aggregate. 

3.  Reasons  were  presented  which  seemed  to  explain  the  failure  of 
agglutination  of  ox  corpuscles  by  the  more  fixed  condition  of  their 
surface  charges. 

>  Guthrie  and  Guthrie:  Proc.  Soc.  for  Exper,  Biol,  and  Med.,  1914,  xi,  143. 

Guthrie:  Proc.  Amer.  Phyaiol.  8oo.  for  I9I7;  Joum.  Ainer.  Med.  Assoc.,  1917, 
Ixix,  1394;  Arch.  Int.  Med.,  1918,  itxii,  1. 

McEllroy:  Journ.  Amer.  Med.  Absoc,  191S,  Ixx,  S40. 

Mummery  sad  Symes:  Joum.  Physio!.,  1907,  xxxvi,  xv;  British  Med.  Journ., 
Sept.  19,  1008. 
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4.  Agglutination  is  interpreted  as  an  adsoiption  [)beiiomenoii. 

5.  Experiments  on  rhythmical  tissues  with  aca«ia  give  evidence  of 
adsorption. 

6.  The  current  view  of  explaining  colloidal  reepouBes  in  terms  of 
colloidal  osmotic  pressure  was  shown  to  be  inadequate  in  so  far  as  it 
fails  to  explain  certEkin  facts  relating  to  a«acia,  gelatin,  dextrin  and 
soluble  starch. 

7.  An  interpretation  based  upon  adsorption  on  capillary  walls  was 
suggested  for  consideration  since  current  facts  dealing  wiUi  these  col- 
loids are  thereby  explained. 

8.  Experiment«  thus  far  indicate  that  such  solutions  which  are  rec- 
ommended to  prolong  the  maintenance  of  blood  volume,  apparently  do 
so  by  an  interTerence  with  the  normal  paths  of  fluid  exchange  by  an 
adsorption  of  colloid  on  capillary  walls,  and  when  the  concentration  of 
such  colloids  is  of  sufficient  magnitude  to  produce  this  effect  agglutina- 
tion may  play  a  prominent  rdle. 

(Aaervaidona  on  the  capillary  blood  pressure  in  man  mtk  preaerUation  of  a 

new  method.    D.  R.  Hooker  and  C.  S.  Danzeh. 

A  method  is  presented  for  the  study  of  capillary  blood  pressure  in 
man.  It  differs  from  all  ofi  the  previous  work  in  the  criterion  taken 
for  the  determinations.  This  depends  on  the  visualization  of  the 
corpuscular  flow  within  the  capiltary  loops  of  the  skin.  For  this  pur- 
pose the  skin  inuaediately  adjacent  to  the  cuticle  of  the  nail  is  covered 
with  a  drop  of  castor  oil  and  a  concentrated  hght  is  thrown  on  this 
area  and  ^e  capillaries  are  observed  through  the  microscope.  We 
have  found  a  magnification  of  about  70  X  satisfactory;  this  must  be 
had  with  an  objective  giving  a  focal  distance  of  not  less  than  16  mm. 

The  apparatus  consists  of  a  closed  chamber  having  a  glass  roof  and 
a  floor  consisting  of  loosely  tied  on  peritoneal  membrane  or  goldbeaters' 
skin,  which  is  soaked  in  castor  oil.  The  oil  makes  the  membrane  soft 
and  transparent.  Air  is  pumped  into  the  chamber  until  the  membrane 
adheres  to  the  skin.  Now  the  pressure  within  the  chamber  is  raised 
until  the  corpuscles  stop.  When  the  pressure  is  shghtly  lowered  the 
corpuscles  begin  moving  again.  At  this  point  the  pressure  is  read  off 
on  a  mercury  manometer.  All  of  the  corpuscular  phenomena  seen  by 
Roy  and  Brown  on  the  frog  have  been  olraerved  in  man. 

The  capillary  blood  pressure  was  studied  in  31  individuals  (25  adults 
and  6  children).     It  varied  between  18  and  26.5  nam.  Hg. 

The  average  pressure  in  a  series  of  capillaries  was  remarkably  con- 
stant  from  day  to  day,  although  the  pressures  in  individual  capillaries 
were  variable. 

Studies  on  postural  variations  of  capillary  pressure  exclusive  of 
hydrostatic  effect  showed  the  pressure  was  lowest  in  the  horizontal, 
highest  in  the  vertical  and  between  the  two  in  the  sitting  postiu*. 

The  effect  of  temperature  was  as  follows:  Local  cold  produces  a  fall 
in  capillary  pressure  followed  by  a  marked  rise  much  above  the  normal 
and  then  a  slow  return  to  normal  after  the  cold  has  been  removed. 
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Local  heat  causes  a  rise;  on  remoTing  the  heat  the  pressure  first  fallsto 
a  subnormal  level  and  subsequently  returns  to  the  normal  value. 

Increased  intrathoracic  pressure  causes  a  riae  in  capillary  preeenire 
and  lessened  intrathoracic  pressure  produces  a  fall  in  capillary  blood 


The  method  ia  simple  and  can  be  applied  clinically.  We  propose 
the  name  "Micro-Capillary  Tonometer"  for  our  apparatus. 

Some  effects  of  eUier  and  morphine  on  the  blood  and  circulation  in  shock. 

McKbeh  Cattbix. 

The  blood  pressure  of  animals  in  shock  becomes  very  sensitive  to 
the  effects  of  ether  and  chloroform,  the  inhalation  of  an  amount  insuffi- 
cient to  abolish  the  eye  reflex  causing  a  large  drop  in  pressure.  This 
degree  of  anesthesia  was  without  permanent  effect  on  the  blood  pres- 
sure of  imshocked  animals.  The  same  degree  of  anesthesia  produced 
by  nitrous  oxide  and  oxygen  in  the  most  favorable  proportions  (usu- 
aUy  three  parts  nitrous  oxide  to  one  of  oxygen)  given  to  ftnimalH  in 
this  condition  caused  no  fall  in  blood  pressure,  ^ter  a  large  dose  of 
intravenously  injected  adrenin  the  ether  fall  was  much  less  or  entirely 
absent.  Fitidtrm  was  without  effect.  In  this  condition  of  shock 
after  proloi^^  low  blood  pressure  the  vasomotor  center  is  quite  insen- 
sitive to  stimulation  by  asphyxia,  and  it  is  su^ested  that  this  increase 
'  in  ether  effect  may  be  due  in  part  to  an  impairment  of  the  vasomotor 
center.  In  the  unuiocked  animal  the  decreased  heart  output  resulting 
from  the  administration  of  ether  may  be  compensated  for  by  a  reflex 
peripheral  constriction.  This  does  not  occur  in  the  shocked  animal 
and  the  pressure  continues  to  fall  to  zero. 

Morphine  given  in  lai^e  doses  did  not  accelerate  the  development  of 
shock  produced  by  reducing  the  blood  pressure  to  60  mm.  Bg.  hy 
means  of  pi^essure  in  the  pericardium.  Determination  of  the  airline 
reserve  at  a  shock  blood  pressure  did  not  show  the  UBual  fall  when  mor- 
phine was  given,  or  if  it  was  given  after  acidosis  had  already  developed, 
the  reading  returned  nearly  to  normal.  The  results  are  summansed 
in  the  table,  the  figures  representing  the  averse  per  cent  of  carbon 
dioxide  in  samples  of  the  blood  plasma  taken  at  the  times  indicated. 
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HotpbJne  at  start 

The  rdle  of  the  vagi  and  splanchnic  nerves  in  the  genesis  of  shoi^fromabdom- 

inal  operations.    A.  C.  Ivy. 

In  dogs,  both  vagi  were  cut  intrathoracically  above  the  diaphragm 
and  both  splanchnics  were  sectioned  and  celiac  plexus  with  the  gan- 
glion extirpated,  thus  isolating  the  intestines  from  the  central  nervous 
system.    Such  animals,  if  properly  eared  for  recover  quickly  and  live 
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In  good  health.  After  recovery  (four  to  six  weeks)  the  animals  were 
tested  under  local  anesthesia  (novocain-adrenalin).  The  left  carotid 
waa  caimulat«d  for  blood  pressure,  the  abdomen  opened  widely  and 
the  intestines  were  vigorously  manipulated.  No  signs  of  pain  were 
observed  except  when  the  mesentery  was  pulled.  Care  was  taken  to 
avoid  this  and  all  other  causes  of  pain.  Samples  of  blood  were  drawn 
at  intervals  from  the  inferior  vena  cava  by  syringe,  and  bematocrite, 
hemoglobin,  red  blood  corpuscle  count  and  plasma  bicarbonate  deter- 
minations were  made.  The  body  temperature  of  the  animals  was 
followed.     The  same  procedure  was  carried  out  on  normal  controls. 

The  following  observations  were  made:  It  was  possible  to  produce 
shock  by  vigorously  manipulating  the  intestines  of  animals  in  which 
both  vagi  and  splanchnics  had  been  sectioned  and  time  allowed  for 
recovery  from  the  operation.  However,  it  took  from  three  to  five 
times  longer  to  produce  shock  in  the  dogs  with  isolated  intestines  than 
the  intact  control  animals.  Also,  the  fall  in  blood  pressure  was  much 
more  gradual  in  the  former  than  in  the  latter.  The  blood  changes  in 
both  series  of  animals  were  practically  the  sfune  as  those  reported  by 
other  observers  working  on  shock.  Marked  congestion  of  blood  and 
loss  of  irritabihty  of  the  intestine  to  mechanical  stimulation  appeared 
sooner  in  the  control  animals  than  in  the  animals  with  isolated  intestines. 

The  conclusion  is  warranted  that  the  vagi  and  splanchnics  are  not 
directly  concerned  in  the  genesis  of  shock  produced  by  manipulations 
of  the  intestines,  but  the  presence  of  these  nerves  does  hasten  the  onset 
of  shock. 

The  chemistry  of  gar  roe.    Chas.  W.  Greene  and  Ebwdj  E.  Nelson. 

The  averages  of  the  results  of  the  analyses  of  ten  samples  of  the  roe 
of  the  gar,  Lepidosteus  platostomus,  were  given.  The  water  content 
was  found  to  be  about  55  per  cent.  The  water  content  was  found  to 
be  highest  in  the  youngest,  most  immature  samples,  and  was  here  asso- 
ciated with  a  high  value  for  the  extractive  solids,  and  low  values  for 
proteins  and  lipoids.  Conversely,  in  the  older,  more  mature  samples, 
the  water  was  low,  the  extractive  solids  were  sinall  in  amount,  and  the 
lipoid  and  protein  values  were  high. 

The  ether-soluble,  or  lipoid  fraction,  was  found  to  be  high  in  value, 
giving  an  average  determination  of  about  16  per  cent,  and  in  one  case 
reaching  the  value  of  28  per  cent,  which  is  one  of  the  highest  given 
in  the  hterature.  The  proteins,  determined  directly,  varied  from  15 
per  cent  to  28  per  cent,  with  an  average  of  about  24  per  cent. 

The  extractive  fraction  was  small  relative  to  other  tissues  or  com- 
pared with  other  fish  e^s.  The  total  solids  averaged  about  1.5  per 
cent,  and  the  ash  about  0.36  per  cent.  The  total  nitrogen  of  the 
extractives  varied  from  0.05  per  cent  up  to  0.3  per  cent,  with  an  aver- 
age of  about  0.16  per  cent.  Of  the  total  nitrogen,  about  20  per  cent 
is  found  in  the  alpha-amino  nitrogen  fraction,  the  average  figure  being 
0.034  per  cent  creatin  and  creatinin  determinations  gave  an  average  of 
0.0073  per  cent,  varying  from  0.0038  to  0.0096  per  cent,  determined  as 
creatinin  nitrogen. 
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The  excretion  of  a  red  pigment  in  the  sweat  of  man.    M,  H.  Givbns,  V.  L. 

Andrews  and  H.  B.  McCluoage. 

An  apparently  healthy,  well-developed  boy,  age  10  years,  weight 
68  lb8,,  excreted  oa  two  occasions  perspiration  wMcb  contained  a  red 
pigment.  Two  years  intervened  between  attacks  and  the  duration  of 
each  was  about  ten  days.  The  first  attack  occurred  in  the  month  of 
May  and  the  second  in  October,  the  weather  being  rather  warm  each 
time  and  favorable  for  one  to  perspire. 

The  pigment  was  excreted  in  the  sweat  appearing  around  the  left 
eye  and  down  onto  the  cheek  bone.  K  perspiration  was  evoked  by 
either  exercise  or  the  application  of  heat  the  pigment  was  produced. 
Removing  the  pigment  with  water  and  subjecting  the  face  to  dry  heat 
from  an  electric  stove  for  six  consecutive  times  markedly  diminished 
the  output  of  pigment.  A  rest  of  twenty-four  hours  sufficed  to  permit 
a  new  accumulation  of  material.  The  pigment  colored  the  face  a 
bright  red  resembling  a  smear  of  blood. 

The  dye  as  excreted  was  soluble  in  water  and  dilute  alkalies  and 
insoluble  in  dilute  acids  and  ether.  Addition  of  dilute  hydrochloric 
acid  to  the  face  waahings  precipitated  the  dye  which  could  then  be 
dissolved  in  ether.  By  this  procedure  a  small  amount  of  material 
was  purified.  On  evaporating  the  ether  a  dark  red  volatile  oily  sub- 
stance was  obtained.  This  purified  material  contained  no  nitrogen 
and  left  no  residue  on  ignitii^.  No  phenol  grouping  could  be  detected. 
With  30  mgm.  of  material  a  neutral  equivalent  of  466  was  obtained. 

The  poBsibihty  that  diet  may  have  played  some  rdle  in  this  peculiar 
metaboEc  disturbance  cannot  be  overiooked.  At  the  first  attack  the 
boy  had  a  marked  craving  for  and  consumed  a  large  amount  of  lemons 
and  at  the  second  one  there  was  a  desire  for  and  large  amounts  of 
tomatoes  eaten.  On  the  assumption  that  a  large  intake  of  organic 
acids  might  stimulate  a  production  of  the  pigment,  a  short  intensive 
feeding  of  lemons  was  tried  after  the  color  had  ceased  to  appear. 
Negative  results  were  obtained  within  the  shori,  experimental  period. 

Vascular  reacti<m  to  epinephrin  in  perfttaaiea  of  various  H-ion  concen- 
tration. Charles  D.  Snydeb  and  W.  A.  Caupbell,  Jr. 
Reversal  effect  of  epinephrin  (Hoskins,  1912;  Cannon  and  Lyman, 
1913)  was  observed  by  Snyder  and  Andrus  (Joum.  Phann.  Exper. 
Therap.)  when  the  drug  was  apphed  to  isolated  turtle  heart.  Wliil© 
augmenting  tonus  already  evoked  by  a  Ringer  of  7.8  pH  index,  it  still 
further  diminished  the  atony  evoked  by  Ringer  of  pH  7.0.  This 
pointed  to  the  possibility  of  the  H-ion  concentration  as  being  the 
reversing  ^ent.  To  test  the  vaHdity  of  this  view  experiments  were 
planned  and  some  have  been  carried  out  as  a  special  investigation. 

So  far  fresh  fall  frogs  prepared  for  vascular  perfusion  (Trendelen- 
burg's method)  give  confirmatory  evidence.  The  dilution  of  the 
adrenalin  chlorid  must  be  very  great.  If  it  is  not  more  than  1 :  10', 
only  constrictor  effects  are  obtained.    We  submit  the  following: 
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In  the  experimeDte  of  11/8/19  the  reveisst  effect  is  most  marked 
— the  extreme  diminutioD  of  outflow  durmg  constriction  being  doubtless 
due  to  the  low  head  of  pressure  used.  It  will  be  noted  that  the  same 
dilution  of  the  adrenaUn  in  Ringer  of  pH  =  7.8  not  only  gives  no 
reversal  (dilator)  effect,  but  even  appeara  to  augment  the  constriction 
already  evoked  by  the  excess  of  OH-iona. 

The  effect  of  ike  siAciUaneoua  injedion  of  adretialin  chlcTide  on  the  heat 

production,  blood  preaaure  and  pvlae  raie  in  man.  WAi;rER  M.  Boothbt 

and  Irene  Sandifobd. 

The  results  of  forty-six  expenments  on  the  effect  of  the  subcutaneous 
injection  of  adrenalin  chloride  (0.6  cc.  of  1-1000)  on  the  metabolic 
rate,  respiratory  quotient,  pulse  rate  and  blood  pressure,  are  reported. 
These  studies  were  made  chiefly  on  groups  of  patients  who  showed 
variations  in  the  activity  of  the  thyroid,  pituitary  or  adrenal  glands, 
as  well  as  a  small  group  of  clinical  normal  controls. 

It  was  foimd  that  adrenalin  invariably  caused  an  increase  in  the 
heat  production  and  in  tbirty-nine  experiments  there  was  an  increase 
in  the  respiratory  quotient.  This  rise  in  heat  production  is  accom- 
panied by  an  increase  in  the  ventilation  rate  and  as  a  rule  by  an  increase 
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in  the  respiration  rate,  heart  beats  per  minute,  volume  of  each  beat, 
greater  utilisation  of  the  bjood-canying  power  and  peripheral  vascular 
dilatation  with  an  increased  systolic  and  decreased  diastolic  blood 
pressure.  Not  all  these  compensatory  factors  necessarily  come  into 
play  in  each  instance.  As  would  be  expected,  varioiui  combinations 
may  occur,  sometimes  one  factor,  sometimes  another  factor  acting  as 
the  major  compensation.  The  data  show  that  there  is  no  relationship 
between  the  character  of  the  adrenalin  reaction  and  the  degree  of 
activity  of  the  thyroid  gland  and,  therefore,  in  our  opinion,  contrary 
to  that  of  Goetsch,  the  reaction  is  not  indicative  of  the  presence  or 
alienee  of  hyperthyroidism. 

The  similanty  of  the  metabohc  rate  curve  following  the  injection 
of  adrenalin  to  that  found  by  Lusk  from  a  carbohydrate  plethora 
naturally  directs  attention  to  the  possibility  that  the  increased  heat 
production  is  due  to  an  excess  of  carbohydrate  metabolites.  There 
may  be,  however,  in  addition  a  direct  chemical  stimulation  of  cellular 
combustion. 

Further  experiments  on  the  effects  of  warming  and  cooling  the  sino-auricular 
node  in  the  mammalian  h^art.  Bbnj.  H.  Schlouovitz. 
Dogs  and  cats  were  used.  Tracings  were  taken  by  tambours  con- 
nected with  auricle  and  ventricle,  and  time  with  hundredths-seconds 
tuning  fork.  The  cardiac  tissue,  mainly  sino-auricular  node  was  warmed 
or  cooled  by  a  special  thermode.^     The  results  are  summarized. 

1.  The  primary  cardiac  pacemaker  maintains  its  normal  locus  in 
both  light  and  deeply  etherized  animals  even  to  the  toxic  sta^e  of 
etherization  with  auricular  dilatation,  whether  atropine  has  been  given 
or  not.  The  sino-auricular  node  responds  to  both  warming  and 
cooling. 

2.  A  persistent  tachycardia  cannot  be  produced  by  warming  the 
sino-auricular  node  for  long  periods  in  li^i^tly  anesthetized  animals, 
whether  atropinized  or  not.  Instead  the  rate  slows  after  a  transitory 
tachycardia  to  a  rate  close  to  or  less  than  normal,  and  upon  removal 
of  the  thermode  the  rate  usually  drops  below  normal.  The  A,V, 
interval  may  show  no  change  throughout  or  i^ter  the  period  of  warming, 
or  may  decrease  0.02  to  0.03  second  gradually,  or  show  no  consistent 
variation. 

3.  An  experimental  tachycardia  of  nomotopic  origin  with  short 
periods  of  sudden  onset  and  offset  resembling  certain  clinical  cases 
may  be  produced.  Occasionally,  an  experimental  auricular  flutter 
can  be  shown. 

4.  In  some  cases  of  advanced  digitalization  of  the  heart,  when 
idioventricular  rhythm  prevails,  repeated  production  of  ventricular 
fibrillation  following  ventricular  tachycardia  can  be  instituted  by 
warming  any  localized  portion  of  the  ventricles.  This  quickly  passes 
off  on  removal  of  the  thermode. 

>  Scblomoriti  and  Chase:  Arch.  Int.  Med.,  1917,  zx,  613. 
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Effect  of  glutamine  production  on  urinary  nitrogen.     Carl  P.  Sherwin, 

W.  Wolf  and  M,  Wolf. 

Two  men  were  brought  into  a  condition  of  minimal  nitrogen  metab- 
olism by  a  diet  of  potatoes,  bananas,  small  amounts  of  bread,  butter 
and  cocoa. 

Each  man  was  fed  2.5,  5,  7.5  and  10  grams  of  phenylacetic  acid 
as  a  water  solution  of  the  sodium  salt.  Subject  no.  1  ingested  the  acid 
in  single  doses  while  subject  no.  2  ingested  the  acid  as  0.5  gram  doses 
at  hourly  intervals.  The  phenylacetylglutamine  excreted  in  the  urine 
after  the  ingestion  of  the  phenylacetic  acid  was  determined  quanti- 
tatively. Quantitative  determinations  were  also  made  of  total  nitrogen, 
urea,  uric  acid,  creatinine  and  ammonia. 

Iq  subject  no.  1  there  was  an  increase  in  total  urinary  nitrogen 
after  the  ingestion  of  the  acid  and  a  great  decrease  in  the  amount  of 
urea  nitrogen,  a  slight  increase  in  ammonia  and  httle  or  no  alteration 
in  the  amount  of  creatinine  and  uric  acid.  Subject  no.  2  showed  a 
much  greater  increase  in  total  urinary  nitrogen  but  less  alteration  in 
the  excretion  of  urinary  nitrogen.  Glutamine  is  produced  by  the 
organism  in  much  greater  quantities  than  found  in  the  food.  The 
method  of  its  production  is  still  as  uncertain  as  that  of  glycocoll. 

The  rdle  of  catalase  in  the  animal  organism.    W.  E.  Burqe. 

Substances  such  as  amino  acids,  sodium  salts  of  the  fatty  acids, 
glycerine  and  sugar  were  found  to  produce  an  increase  in  catalase 
when  introduced  into  the  alimentary  tract  by  stimulating  the  liver  to 
an  increased  output  of  this  enzyme.  When  an  £k;k  fistula  was  estab- 
lished these  substances  produced  no  increase  in  catalase.  Sut^tanoes 
such  as  the  narcotics  which  produce  a  decrease  in  oxidation  were 
found  to  produce  a  decrease  in  catalase  by  diminishing  its  output 
from  the  Uver  and  by  the  direct  destruction  of  the  enzyme. 

The  introduction  of  chlorine  into  the  methane  molecule  is  known  to 
enhance  its  effect  as  a  narcotic.  It  was  found  that  it  rendered  it  more 
effective  in  decreasing  catalase.  The  introduction  of  sodium  acetate 
into  the  ahmentary  tract  stimulates  the  liver  to  an  increased  output 
of  catalase.  The  introduction  of  chlorine  into  the  sodium  acetate 
molecule  decreases  its  stimulating  effect  on  catalase  production.  The 
tri-chlorine  substitution  product  of  acetaldehyde,  chloral,  decreases 
catalase  more  than  does  acetaldehyde,  a  weaker  narcotic. 

The  respiratory  quotient  and  its  uncertainty.    J.  A.  Fries. 

If  the  term  respiratory  guotierU  when  applied  to  animals  refers  to  the 
collective  exchange  of  gases  due  to  the  metabolic  activity  of  the  indi- 
vidual cells  forming  the  body  tissues,  then  a  term  is  needed  which  will 
convey  that  idea. 

Because  of  its  great  fluctuations  during  the  day  the  average  of  a  few 
short  period  tests  does  not  always  represent  the  daily  respiratory 
quotient.  Further  the  presence  of  gases  of  uncertain  origin  and  quan- 
tity, such  as.  fermentation  gases  of  the  intestines,  is  also  a  source  of 
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much  tiDCertainty.  With  a  fasting  man  in  a  respiration  calorimeter 
Benedict  obtained  closely  agreeing  daily  respiratory  quotients,  average 
for  7  days  being  0.75  and  for  3  days  with  food  an  average  of  0.817. 
The  difference,  however,  between  the  2-hour  periods  and  the  average 
for  the  same  day  was  as  high  as  37.18  per  cent.  In  Carpenter's  work 
the  same  thing  is  noticed.  In  very  many  instances  l&-minute  testa, 
not  far  apart,  varied  from  9  per  cent  to  31 .4  per  cent  from  each  other. 

Likewise  with  the  pulmonary  respiratory  quotient  of  oxen  (Kleiu), 
short  tests  following  closely  upon  each  other  varied  up  to  14.3  per  cent 
and  the  averages  of  7  groups  of  tests  as  much  as  23.2  per  cent.  Hence 
duration  of  t^ts  and  volume  of  accidental  gases  are  deciding  factors 
in  a  determination. 

Markoff  gives  ratio  of  CHi  to  COi  taken  directly  from  the  paunch 
as  1:3.68  and  ae  1:5.19  before  any  absorption  t^ea  place.  Klein, 
with  oxen  during  six  24-hour  Regnault-Reiset  tests,  found  the  daily 
respiratory  quotient  =  1.034  and  later  a  pulmonary  quotient  =  0.882. 
Mollgaard  and  Anderson  with  a  milking  cow  found  the  pulmonary 
quotient  =  0.967.  The  writer,  with  a  different  method,  for  milking 
cows  found,  using  the  1 : 3.68  and  1 : 5.19  ratios  for  CEU  to  G0»,  for 
cow  I,  1.031  and  0.816,  and  for  cow  II,  1.078  and  0.856  respiratory 
quotients  respectively. 

Methods:  Klein  used  short  periods,  small  samples  and  pyrogallate; 
MoUgaard  and  Anderson  long  periods,  large  samples  and  their  hydro- 
gen combustion  method;  Fries  long  periods,  large  samples  and  his  car- 
bon combustion  method  for  oxygen  determination. 

The  present  problems  are  to  determine  more  accurately  the  ratio  of 
CH*  to  COj  produced  in  the  intestinal  tract  and  the  amount  of  these 
gases  paasii^  out  through  the  lungs. 

The  action  of  proslaiic  extracts  on  isoUited  genilo-tmnary  organs.    D.  I. 

Macht  and  S.  Matsumoto. 

The  contractions  and  tonicity  of  various  surviving  excised  genito- 
urinary organs  were  studied  in  vitro:  first,  under  normal  conditions, 
and  second,  after  the  addition  of  prostatic  extracts  to  the  medium  in 
which  the  tissues  were  suspended.  The  following  organs  were  examined : 
Uterus  and  Fallopian  tube,  bladder  and  ureters,  and  vas  deferens  and 
seminal  vesicle.  Aqueous  sahne  extracts  of  the  ram's,  dog's,  bull's, 
steer's  and  human  prostate  glands  were  used.  It  was  found  that  ail 
of  the  above  organs  are  stimulated  in  vitro  by  prostatic  extracts,  pro- 
vided a  sufficient  dose  is  used ;  but  that  different  organs  require  different 
doses  of  the  glandular  extract.  The  uterus  and  tubes  were  found  to 
respond  to  the  smallest  quantities  of  prostatic  extract;  the  bladder  and 
ureters  came  next  in  the  order  of  their  response  to  such  treatment; 
while  the  vas  deferens  and  seminal  vesicles  required  the  largest  doses 
of  the  extracts  to  give  evidence  of  any  physiological  effect.  As  a  result 
of  the  experiments,  the  authors  conclude  that  the  prostatic  extracts 
cannot  be  regarded  as  having  any  specific  or  marked  influence  on  the 
tonus  and  contractions  of  the  bladder  in  vitro.  Fuller  data  will  appear 
in  due  time  in  the  Journal  of  Urology. 
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Studies  of  blood  volume  developed  in  this  laboratory  as  the  result  of 
work  yriuch  was  being  done  in  the  field  of  pigment  metabolism.  Both 
bile  pigment  and  blood  pigment  were  being  studied  with  particular 
regard  to  reciprocal  p^ment  production  and  destruction  in  the  bile 
and  blood  respectively  (1).  It  is  obvious  that  no  comprehensive  study 
of  blood  pigment  can  be  made  without  reasonably  accurate  determi- 
nations of  bloo(i  volume.  It  is  remarkable  how  much  effort  has  been 
expended  in  a  study  of  cell  counts  and  hematocrit  readings  under 
various  experimental  conditions  with  no  knowledge  concerning  the  blood 
volume  figures.  If  a  critic  chooses  to  assume  any  fluctuations  in  blood 
volume,  all  the  carefully  drawn  hypotheses  in  such  papers  must  become 
valueless.  That  such  fluctuations  in  blood  volume  do  occur  following 
a  variety  of  experimental  conditions  will  be  shown  in  experiments  to  be 
published  in  this  series  of  papers. 

The  final  blood  volume  method  as  outlined  in  this  paper  is  the  end 
result  of  a  series  of  modifications  made  in  the  original  dye  method 
published  by  Keith,  Rowntrec  and  Geraghty  (2).  Vital  red,  the  dye 
used  in  their  experiments,  was  not  obtainable  in  sufficient  quantity 
and  it  was  necessary  to  substitute  the  dye  "brilliant  vital  red."  Dr. 
Herbert  M.  Evans,  Professor  of  Anatomy,  with  his  expert  knowledge 
of  dyes,  when  consulted  concerning  the  use  of  other  dyes  in  the  estima- 
tion of  plasma  volume,  suggested  "brilliant  vital  red."  This  oppor- 
tunity is  taken  to  express  appreciation  of  Doctor  Evans'  interest  in 
2D5 
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this  work  and  the  valuable  assistance  and  materiale  which  he  has  given 
so  generously. 

"Brilliant  vital  red"  is  tolidine  combined  with  one  molecule  (A  fi 
naphtylamine,  3,6  disulfouic  acid  and  one  molecule  of  0  naphtylamine 
6  monosulfonic  acid. 


r^P< 


NaO^    X     JSOiNa 


iy^^ySOjNa 


It  is  readily  soluble  in  water  and  doeE  not  dialyze  against  water 
through  celloidin  sacs.  It  is  harmless  when  injected  intravenously  in 
the  amounts  used  for  the  estimation  of  plasma  volume.  In  none  of  the 
many  experiments  with  the  blood  volume  method  which  have  been 
performed  by  us  have  any  symptoms  been  noted  'that  could  be  attrib- 
uted to  toxicity  on  the  part  of  the  dye.  To  further  test  this  point  20 
cc.  of  a  1  per  cent  solution  of  brilliant  vital  red  were  injected  into  the 
jugular  vein  of  a  mongrel  bull  pup  weighing  6.6  kilos.  Although  this 
is  approximately  fifteen  times  the  amount  injected  in  a  blood  volume 
determination  no  evil  effects  were  observed  except  a  rise  of  0.7°C.  in 
temperature  for  a  period  of  two  hours.  There  is  no  evidence  that  the 
dye  has  any  hemolytic  action  on  normal  d<%'s  blood. 


Normal  dogs  were  used  in  all  these  experiments.  A  hypodermic 
needle  is  inserted  into  the  vein  and  10  cc.  of  blood  drawn  (with  as  httle 
compression  of  the  vein  as  possible)  into  a  dry  well-vaselined  syringe. 
The  blood  is  immediately  placed  in  a  IS  cc.  graduated  hematocrit  tube 
containing  2  cc.  of  a  1.6  per  cent  solution  of  sodium  oxalate.  The 
blood  and  oxalate  are  mixed  by  inversion  and  the  tube  stoppered.  A 
standard  amount  of  the  dye  is  drawn  up  into  a  syringe  along  with  5 
to  10  cc.  of  0.9  per  cent  saline.  This  dye  solution  is  now  injected  into 
the  jugular  vein,  the  dye  being  washed  completely  out  of  the  syrii^e 
into  the  blood  stream  by  means  of  a  few  cuinc  centimeters  of  saline. 
The  dye  solution  is  1  per  cent  strength  and  is  given  in  the  amount  of 
1  cc.  per  5  kilos  body  weight.  This  is  the  amount  arbitrarily  taken  hry 
us  but  more  or  less  may  be  used  to  suit  individual  taste  in  color 
readings. 
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Exactly  four  minutes  after  the  injection  of  this  dye  a  clean  needle 
is  again  inserted  into  the  jugular  vein  (preferably  of  the  oppoute  side) 
and  another  10  cc.  sample  of  blood  drawn  and  placed  in  another  hemat- 
ocrit tube  Edao  containing  2  cc.  of  1.6  per  cent  sodium  oxalate.  The 
hematocrit  tubes  are  now  centrifugalized  at  2500  revolutions  a  minute 
for  30  minutes.  The  total  contents  of  the  tube  and  the  number  of 
cubic  centimeters  of  blood  cells  are  now  noted.  Two  cubic  centimeters 
of  the  dye-colored  plasma  are  pipetted  oS  and  diluted  in  a  small  tube 
with  4  cc.  of  0.9  per  cent  sodium  chloride.  This  unknown  is  then 
read  in  a  colorimeter  against  a  standard  prepared  as  follows: 

1.  Seventy-^ve-hundredths  cubic  centimeters  of  1  per  cent  brilliant 
red  vital  is  pipetted  into  a  200  cc.  volumetric  flask  which  is  then 
made  up  to  the  mark  with  distilled  water. 

2.  Five  cubic  centimeters  of  this  aqueous  dye  solution  are  then 
diluted  with  5  cc.  of  clear  dye-free  plasma  (obtained  from  the  first 
sample  of  blood  drawn  from  the  animal)  and  5  cc.  of  0.9  per  cent  sodium 
chloride,  making  in  all  15  cc.  of  standard  dye  solution. 

Against  this  standard  the  above  imknown  is  read  and  expressed  in 
per  cent.    This  value  will  henceforth  be  referred  to  as  A. 

Let  us  assign  the  following  values  to  be  used  in  the  formula  below: 

D  equals  the  number  of  cubic  centimeters  of  1  per  cent  brilliant  vital 
red  injected  into  the  animal. 

C,  the  correction  for  the  dilution  by  oxalate  present  equals  the  total 
number  of  cubic  centimeters  of  oxalated  plasma  present  in  the  second 
sample  of  blood  drawn,  minus  2  divided  by  the  total  number  of  cubic 
centimeters  of  oxalated  plasma  present  in  the  same  tube.  This  value 
expresses  the  ratio  between  the  actual  concentration  of  dye  in  the 
plasma  when  diluted  with  oxalate  solution  to  the  value  when  not  so 
diluted. 

R  equals  the  observed  colorimetric  reading  (in  per  cent  of  the 
standard). 

Plasma  per  cent  means  the  percentage  of  the  whole  blood  which  the 

plasma  constitutes,  and  is  obtained  by  dividing  the  total  number  of 

cubic  centimeters  of  oxalated  plasma  present  in  the  hematocrit  tube 

minus  2,  by  the  total  contents  of  the  tube  in  cubic  centimeters  minus  2. 

Then 

™       1               1          r         \        26666.67  D  C 
The  plaama  volume  (m  cc.)  =  

_,     . ,     .      ,  Plasma  Volume  X  100 

The  blood  volume  =  

Plasma  Per  Cent 
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The  above  formula  for  plasma  volume  may  be  derived  as  follows:  Jhe 
standard  for  color  comparison  contains  0.75  cc.  of  1  per  cent  dye  m200cc. 
of  fluid,  or  1  cc.  in  266.66+  cc.  D  ce.  of  1  per  cent  dye  (the  amount 
injected)  will  impart  the  same  color  intensity  to  266,6667  D  cc,  of  fluid, 

R 
If,  however,  the  color  intensity  istt— p;,  (i.e.,  the  colorimetric  reading 

in  per  cent  corrected  for  the  dilution  of  the  plasma  by  the  oxalate  solu- 
tion), the  number  of  cubic  centimeters  of  fluids  equals '■ j^ 


UBTHOD   CONTBOLS 

In  the  method  as  outlined  above  the  blood  drawn  from  the  animal  is 
mixed  with  a  known  amount  of  an  isotonic  solution  of  sodiimi  oxalate 
(see  below)  instead  of  with  solid  sodium  oxalate  as  was  done  by  Keith, 
Rowntree  and  Geraghty  (2).  The  experiments  cited  in  table  I  illus- 
trate the  fact  that  shrinking  of  blood  cells  results  when  even  small 
amounts  of  sohd  sodium  oxalate  are  added.  Thus  the  minima]  amount 
of  oxalate  which  can  be  used  (10  n^m.  to  10  cc.  of  blood)  causes  on 
an  average  a  shrinkage  of  about  3  per  cent  in  the  cell  volume.  In 
actual  practice  a  considerable  excess  of  oxalate  may .  be  added 
unless  carefully  weighed  out.  In  such  cases  the  error  ia  still  larger 
and  may  in  fact  be  several  times  this  size. 

To  obtain  the  true  hematocrit  valtie  the  anticoagulant  used  must  be 
isotonic  with  blood.  It  is  true  that  samples  of  blood  drawn  from  dif- 
ferent individuals  diflfer  from  each  other  in  tonicity,  but  the  variation 
is  very  slight  except  in  certain  pathological  conditions  such  as  uremia. 
The  tonicity  of  normal  blood  is  generally  stated  to  be  equal  to  that  of 
a  0.95  per  cent  solution  of  sodium  chloride.  As  far  as  we  have  been 
able  to  learn,  no  accurate  physical-chemical  investigations  have  been 
made  to  determine  the  concentration  of  sodium  oxalate  isotonic  with 
physiological  sodium  chloride.  Assuming  that  the  dissociations  of 
sodium  and  potassium  oxalates  are  not  very  far  different  we  find  by 
calculatioQ  from  the  tables  of  Noyes  and  Johnston  (3)  that  a  1.6  or 
1.7  per  cent  solution  of  sodium  oxalate  would  be  approximately  isotonic 
with  a  0.95  per  cent  solution  of  sodium  chloride.  Valuable  advice 
covering  this  physical-chemical  work  was  kindly  rendered  ua  by  Dr. 
Carl  L.  A.  Schmidt  of  the  Department  of  Biochemistry. 
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A  number  of  experiments  have  been  carried  out  to  determine  by 
biological  testa  that  concentration  of  sodium  oxaJate  which,  placed  in 
contact  with  normal  red  blood  cells,  produces  neither  shrinking  nor 
swelling  of  these  cells.  Table  2  below  shows  the  results  of  two  experi- 
ments on  defibrinated  normal  dog's  blood.  In  both  cases  the  1.6  per 
cent  solution  of  sodium  oxalate  is  approximately  isotonic.  The  effect 
of  oxalate  solutions  on  the  blood  cells  of  peptonized  blood  is  given  in 
the  third  column  of  the  same  table.  1.4  per  cent  is  obviously 
hypotonic,  while  1.7  per  cent  is  hypertonic.  By  interpolation  the 
point  of  isotonicity  is  found  tobeabout  1.5  per  cent.  We  may,  then, 
from  the  physical-chemical  data  supported  by  biological  experiments, 
conclude  that  1.6  per  cent  sodium  oxalate  is  approximately  isotonic 
with  normal  dog's  blood. 

Experimenl  i$t.  Tonicity  of  solutiora  oj  sodium  oxalate 

Two  hundred  and  thirty  cubic  centimeters  of  blood  were  rapidly  aspirated 
from  the  jugular  vein  of  a  normal  40-pound  dog  (17-160).  .This  blood  was  im- 
mediately defibrinated  by  whipping. 

Two  cubic  centimeters  of  sodium  oxalate  BolutioDS  of  varying  concentrations 
were  pipetted  into  each  of  a  series  of  seven  tubes.  The  eighth  was  left  empty. 
A  second  and  identical  series  was  set  up  as  duplicates.  Into  each  of  these 
tubes  were  pipetted  9  to  10  cc.  of  the  well-mixed  defibrinated  blood.  The 
contents  of  the  tubes  were  mixed,  the  tubes  corked  and  centrifugalized  for 
one-half  hour  at  3000  revolutions  per  minute.  The  quantity  of  packed  cells  and 
of  supernatant  fluid  was  read  off  on  each  of  the  tubes.  After  making  proper 
allowajice  for  the  quantity  of  fluid  added  along  with  the  oxalate,  the  per  cent  of 
cells  was  calculated.    The  averages  for  the  duplicates  are  given  in  table  2. 

Identically  the  same  procedure  was  carried  out  on  a  similar  quantity  of  blood 
obtained  from  another  normal  43-pound  dog  (621).  The  results  are  given  also 
in  table  2. 

Experimenl  Hi.  Tonicity  of  soluliont  of  todium  oxalait 

Three  grams  of  "Witte's  Peptone"  dissolved  in  20  cc.  of  Locke's  solution  were 
injected  rapidly  into  the  jugular  vein  of  a  normal  young  lO-pound  female 
terrier  under  complete  ether  anesthesia.  After  30  minutes  a  cannula  was  placed 
in  the  carotid  artery  and  samples  of  blood  were  drawn  into  each  of  a  series  of 
four  hematocrit  tubes.  Of  these  tubes  three  contained  each  2  cc,  of  solutions 
of  sodium  oxalate  of  varying  concentration.  The  fourth  tube  contained  no 
oxalate  and  was  prevented  from  clotting  by  the  familiar  "peptone  reaction." 
This  experiment  supplements  the  data  furnished  in  the  two  defibrination  experi~ 
ments.  All  of  the  tubes  were  then  centrifugalized  simultaneously  for  30  minutes 
at  3000  revolutions  per  minute.  The  quantity  of  packed  cells  and  of  supernatant 
fluid  waa  read  off  on  each  of  the  tubes.  After  making  proper  allowance  for  the 
quantity  of  fluid  added  alongwitb  the  oxalate,  thepercent  of  cells  was  calculated. 
The  results  are  given  in  table  2. 
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Dye  removed  by  blood  coagulatum.  When  the  error  due  to  the  use  of 
diy  powdered  oxalate  was  first  appreciated  we  turned  to  the  use  of 
blood  serum  obtained  by  coagulation  in  a  vaselined  tube.  The  blood 
was  obtained  as  usual  four  minutes  after  dye  injection,  allowed  to  clot 


W 

HtM^KKarr  {m  m  cbnt  kcd  auooa  culm)  om  addiho  mhjs 

MIDI  DM  OXAI.1TB 

Ornrn. 

IBmpn. 

30  mem. 

30  mem. 

Wm.m. 

TOmtm. 

tO«m.m. 

19-128 
17-160 
10-106 

ec. 
10 
10 
10 

57-5 
49.8 

55.0 
54.5 
46.7 

52.0 
53.0 
45.7 

49.5 
50.0 
43.8 

43-2 
49.5 
44.3 

45.6 
46.2 
43.4 

42.7 
44.0 
40.0 

A  fair  approximation  of  tbe  usual  amount  of  dry  powdered  oxalate  u»cd  ii 
routine  work  may  be  placed  at  40  to  GO  mgm.  per  10  cc-  blood. 


B«C*TOC«r«.OO»0«.,««»T 

oxALir-  D.« 

c9o«  17-180 

iatU-un-jonBt 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
Control     with     no 
oxalate 

1.7 

48.0 
47.7 
47.4 
46.6 
46.1 
40.3 
45.2 
4S.1 

63.0 
62.0 
61.3 
61.2 
59.9 
60.4 
59.1 
58.9 

63.7 

61.1 

59.6 
56.6 

Defibrination  of 
blood 

Defibrination  of 
blood 

Peptone  shock 
blood  incoagu- 
lable 

and  the  serum  collected  after  ceutrifugalization.  This  serum  was  then 
compared  colorimetricaUy  with  a  known  dye  standard.  Such  steps 
would  simplify  the  procedure  as  it  would  then  be  unnecessary  to  allow 
for  dilution  by  the  oxalate  solution. 
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This  method  has  been  employed  as  a  routine  procedure  in  a  large 
number  of  experiments  which  have  been  performed  in  this  laboratory. 
E)cperiment«  cited  below  show  that  certain  dangers  are  involved.  Thus 
while  experimenting  with  a  recently  purchased  sample  of  brilliant  vital 
red  obtained  from  an  English  manufacturer  it  was  found  that  id  the 
process  of  clotting  a  certain  amount  of  dye  was  removed  from  solution. 
This  is  shown  in  experiment  219.  On  an  average  in  the  three  cases 
here  cited  about  7  per  cent  of  the  dye  was  removed  from  the  plasma 
during  the  process  of  clottii^.  For  this  reason  the  blood  volume 
valnea  are  too  high  when  the  serum  is  used  for  the  dye  reading. 

The  stock  dye  which  has  been  used  in  the  previous  work  was  tested 
in  a  similar  series  of  experiments  by  Mrs.  F.  S.  Robscheit  in  this  labo- 
ratory. In  the  case  of  this  dye  apparently  none  of  the  dye  was  so 
removed.  In  several  tests  made  with  this  same  dye  we  have  confirmed 
this  observation.  The  routine  blood  volume  work  already  done  in 
this  laboratory  with  this  serum  method  was  all  done  with  the  old  stock 
dye  and  therefore  cannot  be  criticised  from  this  standpoint.  It  is 
noteworthy  that  the  dye  obtained  from  the  English  manufacturer  was 
of  a  different  shade  of  red  from  the  samples  which  we  had  previously 
used.  Furthermore  it  was  decidedly  weaker  in  strength  so  that  it  was 
necessary  to  use  a  2  per  cent  solution  for  injection  instead  of  the  cus- 
tomary 1  per  cent  solution. 

Whether  all  samples  of  brilliant  vital  red  when  present  in  larger 
amounts  (as  in  some  of  the  experiments  cited  in  the  following  paper) 
would  be  removed  in  the  process  of  clotting  is  not  as  yet  known.  In 
view  of  this  uncertainty  and  in  view  also  of  the  differences  in  dyes  ob- 
tiuned  from  different  manufacturers  we  feel  that  to  avoid  possible 
error  all  samples  should  be  collected  in  isotonic  oxalate  solution  in  the 
manner  already  described. 

Experiment  S19.  The  egect  of  blood  cloltino  on  the  conccntrafton  o/  dye  t'n 

Ihe  jAasma 

Three  healthy  youDg  adult  dogs  were  used  in  the  following  experiment : 

Dog  19-38.    Female  Coach  dog.    Weight  24.68  pounds. 

Dog  19-39.     Female  mongrel  terrier.     Weight  24.26  pounda. 

Dog  18-92.    Male  mongrel  terrier.     Weight  18.75  pounda. 

One  cubic  centimeter  of  brilliant  vital  red  (English)  for  each  five  kilos  body 
weight  was  injected  intravenously.  The  blood  volume  determination  was 
curied  out  in  the  usual  way  with  the  exception  that  in  addition  to  the  ordinary 
hematocrit  sample  taken  four  minutes  after  the  injection  of  the  dye,  a  10  cc, 
sample  was  also  drawn  at  this  time  into  a  dry  Taseline-lined  heavy-walled  tent 
tube  and  allowed  to  stand  30  minutes.    At  the  end  of  this  time  the  dot  waa 
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freed  from  the  wall  of  the  tube  with  a  piece  of  wire.  After  cent rifu gal izatioD 
(30  minutea)  the  serum  was  drawn  o5  and  diluted  with  two  volumes  of  0.9  per 
cent  sodium  chloride  solution.  The  dye-colored  ojcalated  plasma  was  obtained 
from  the  hematocrit  tube  in  the  same  way  and  was  similarly  diluted.  Both  of 
these  diluted  dye-containing  samples  were  then  read  colorimetrically  against  a 
standard  prepared  as  follows:  0.5  cc.  of  the  2  per  cent  brilliant  vital  red  was 
accurately  brought  up  to  100  cc.  in  a  volumetric  flaak;  5  cc.  of  this  mixture  were 
mixed  with  5  cc.  of  dye-free  plasma  and  5  cc.  of  0.9  per  cent  sodium  chloride. 

The  observed  readings  acd  estimations  for  plasma  volume  and  blood  volume 
for  each  of  the  three  dogs  are  given  in  table  3  below.  It  will  be  observed  that 
the  samples  were  read  against  a  standard  which  is  stronger  than  usual.  Thia 
must  be  takeo  into  account  in  making  the  plasma  volume  and  blood  volume 
calculations. 

TABLE) 


Experinient  $19.     The  e 

#«' 

of  blood  cloUing  o 
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Pa 

1342 
1228 
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92 

99 

S3 
91 

64 

70 

PIT  ant 

(52.1) 
52.1 

(60.5) 
60.5 

Oxalated    plasma 
(corrected     for 
the  dilution  by 
the  oxalate  so- 
lution) 

940 

'This  indicates  that  blood  coagulation  removed  a  definite  per  cent  of  this 
dye  from  the  plasma.  For  this  reason  the  blood  volume  values  are  too  high 
when  the  serum  is  used  for  the  dye  readings. 

Centrifuyalizalion  f odors.  In  order  to  determine  the  minimum  length 
of  time  that  is  required  to  cause  by  centrifugalization  at  2500  revolutionfl 
a  minute  a  completion  of  the  process  of  sedimentation,  a  number  of  15 
cc.  hematocrit  tubes  filled  with  oxalated  dog's  blood  were  centrifugal- 
ized  varying  lengths  of  time.  The  distance  of  the  bottom  of  the  tube 
from  the  center  of  the  circle  of  rotation  equals  27  cm.  Twenty  minutes 
were  found  to  be  insuificient;  however,  the  packing  at  the  end  of  thirty 
minutes  was  in  moat  cases  as  complete  as  at  any  aubsequent  time. 
According  to  Koppe  (4)  complete  packing  of  the  cells  is  accompanied 
by  a  translucency  of  the  layer  of  packed  cells.  Such  translucency 
according  to  him  occurs  only  if  the  tubes  are  centiifugalized  at  a  speed 
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of  not  less  than  5000  revolutions  a  minute.  The  experiments  no.  253 
and  268  presented  below  show  that  if  any  of  the  dye-colored  plasma 
remains  in  the  interstices  it  is  so  small  in  amount  as  to  be  n^ligible. 
Moreover,  we  have  performed  experiments  which  show  that  packed 
cells  from  dye-containing  blood  when  washed  with  very  small  amounts 
of  isotonic  saline  impart  to  this  saline  only  an  exceedingly  smalt  trace 
of  dye.  For  all  practical  purposes  therefore  the  packing  may  be  con- 
sidered complete  at  the  end  of  thirty  minutes. 

Eiperimenl  168.  The  principle  of  the  blood  volume  method  tested  in  vitro 

A  total  of  1500  cc.  of  blood  v/bm  drawn  from  the  jugular  veins  of  four  normal 
dogs  into  75  cc.  of  1,6  per  cent  sodium  oxalate.  This  blood  was  thoroughly 
mixed.  Nine  hundred  cubic  centimeters  were  poured  into  a  dry  1000  cc.  volu- 
metric flask.  Two  cubic  centimeters  of  1  per  cent  brilliant  vital  red  were  added 
and  the  flask  made  up  to  mark  with  oxalated  blood.  The  contents  of  the  flask 
were  thoroughly  mixed  by  rotation  and  inversion  for  5  minutes.  At  the  end  of 
this  time  14  cc.  were  quickly  pipetted  into  a  dry  15  cc.  graduated  hematocrit 
tube.  This  tube  of  blood  was  centrifugalized  for  30  minutes  at  3000  revolutions 
per  minute.  The  quantity  of  packed  cells  and  of  eupernatant  fluid  was  then  read 
off  and  the  per  cent  of  blood  cells  calculated  to  be  63.5  per  cent. 

Two  cubic  centimeters  of  the  dye-dinged  supernatant  fluid  were  mixed  with  4 
cc.  of  0.9  per  cent  NaCl  and  read  against  a  standard  prepared  as  follows:  0.75 
cc.  of  1  per  cent  brilliant  vital  red  was  accurately  brought  up  to  200  cc.  with 
distilled  water  in  a  volumetric  flask.  Five  cubic  centimeters  of  this  were  mixed 
with  5  ec.  of  the  clear  dye-free  oxalated  plasma  and  5  cc.  of  the  0.9  per  cent 
saline.  Against  this  standard  the  above  diluted  sample  of  dye-colored  plasma 
reads  117.3  per  cent. 

With  this  concentration  of  dye  the  number  of  cubic  centimeters  of  oxalated 
plasma  in  the  total  1000  cc.  of  blood  would,  from  the  previously  given  formula, 
be  —  '  =  45S.  The  actual  amount  of  oxalated  plasma  present  (as  in- 
dicated by  the  hematocrit)  was  465  cc. 

Experiment  tfS.  Blood  volume  in  vitro 

Three  hundred  cubic  centimeters  of  dog's  blood  were  drawn  into  a  bottle 
containing  35  cc.  of  1,6  per  cent  sodium  oxalate.  This  blood  was  thoroughly 
mixed.  Two  hundred  cubic  centimeters  were  poured  into  a  dry  250  cc.  volu- 
metric flask,  0,455  cc.  ot  1  per  cent  brilliant  vital  red  was  added  and  the  flask 
made  up  to  mark  with  oxalated  blood.  The  contents  of  the  flask  were  thoroughly 
mixed  by  rotation  and  inversion  for  5  minutes.  At  the  end  of  this  time  two 
graduated  15  cc.  centrifuge  tubes  were  filled,  allowed  to  stand  for  several  minutes 
and  centrifugalized  at  2500  revolutions  a  minute  for  30  minutes.  The  quantity 
of  packed  cells  and  of  supernatant  fluid  was  then  read  off  and  the  per  cent  of 
'blood  cells  calculated  to  be  53,9  per  cent. 
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Two  cubic  centimeters  of  the  dye-tinged  aupernatoat  fluid  were  mixed  with 
4  cc.  of  0.9  per  cent  NaCl  and  read  Agftinat  a  Htaadard  prepared  as  followa:  0.75 
cc.  of  1  per  cent  brilliant  vital  red  w&a  accurately  brought  up  to  200  cc.  with 
distilled  wat«r  in  a  volumetric  flask.  Five  cubic  centimeters  of  this  were  mixed 
with  5  cc.  of  the  clear  dye-free  oxalated  plasma  (obtained  by  centrifugal ization) 
and  5  cc.  of  the  0.9  per  cent  NaCt.  Against  this  standard  the  above  diluted 
sample  of  dye-oolored  plasma  read  100  per  cent. 

With  this  concentration  of  dye  the  number  of  cubic  centimeters  of  oxalated 

plasma  in  the  total  250  cc.  of  oxalated  blood  would,  from  the  previously  given 

,      .     26866.87X0.466      ,„,-,.,,,  .  .         ■  j-     .  j 

formula,  be  r^ =  121.     The  actual  amount  present,  as  indicated 

by  the  hematocrit,  was  116  cc. 

Blood  volume  metkod  tested  in  mtro.  The  dye  method  for  the  determina^ 
tioD  of  blood  volume  baB  beeo  tested  in  vitro  on  large  quantities  of  oxalated 

TABLE  4 
RaU  of  elimirutlion  of  brilliant  vitai  red  from  circulation 
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18-39 
18-2S 
19-123 
19-84 

103.6 

122,2 
136.0 
138-3 

100 
100 
100 
100 

99,2 
99.3 
102.6 
98.3 

93-9 
89.0 
93.0 
91. 1 

64.0 
59.8 

10  to  15 
10  to  15 
10  to  16 
10  to  16 

Average. . 

125.0 

100 

99.9 

91,8 

62.1 

10  to  15 

df^'e  blood  in  the  experimente  given  above  (268  and  253).  The  theo- 
retical and  the  estimated  quantity  of  oxalated  plasma  in  the  flask  in 
one  case  differ  by  about  5  per  cent;  in  the  other  by  less  than  2  per  cent. 
The  dye  therefore  is  not  absorbed  to  any  appreciable  extent  by  the 
blood  cells  nor  is  it  to  be  found  to  any  appreciable  extent  in  the  inter- 
stices between  the  blood  cells  when  the  latter  are  packed  by  the  de(^«e 
of  centrifugalization  employed.  Furthermore,  experiments  have  shown 
that  no  appreciable  amount  of  dye  could  be  extracted  from  this  layer 
of  packed  cells  by  washing  with  small  amounts  of  physiolc^cal  saline. 

Eliminalion  of  the  dye  from  circuiaiion.  Any  blood  volume  method 
based  ou  the  dilution  of  a  substance  introduced  into  the  blood  stream 
depends  for  its  accuracy  on  a  slow  rate  of  elimination  from  circulation. 
The  rate  of  elimination  of  brilliant  vital  red  is  shown  in  table  4.  In  this 
table  are  summarized  experiments  on  four  normal  active  youn«  adult 
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dogs.  An  amount  of  dye  equal  to  that  customarily  used  in  blood  volume 
estimation  was  injected  into  each  dc^  in  the  cuetomary  way.  Ten 
cubic  centimeter  samples  were  coUected  at  intervals  after  the  injection 
of  the  dye.  As  can  be  seen  from  table  4,  the  concentration  of  the  dye 
in  the  plasma  in  most  cases  is  the  same  at  tJie  end  of  two  minutes  as  at 
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the  end  of  four  minutes.  At  the  end  of  twenty  minutes,  however,  about 
tt  to  11  percent  is  lost  while  in  twenty-four  hours  only  about  10  per  cent 
remains.  Blood  volume  estimations  based  on  samples  collected  at 
the  four-minute  interval  cannot  therefore  be  invalidated  because  of  the 
elimination  of  dye  from  circulation.  It  seems  probable  that  the  mixing 
of  dye  with  Jhe  plasma  is  complete  at  the  end  of  four  minutes. 
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The  blood  volume  of  normal  dogs.  Blood  volume  figures  for  twenty- 
two  normal  dogs,  young  and  adult,  maintained  on  the  usual  mixed  diet 
are  given  in  table  5.  The  average  for  all  animale  shows  10.13  cc. 
of  blood  per  100  grams  of  body  we^ht.  This  value  corresponds  fairly 
closely  to  the  results  of  Keith,  Rowntree  and  Geraghty  (dye  method) 
(2),  and  to  those  of  Meek  and  Gasser  {acacia  method)  (5),  but  is  con- 
siderably higher  than  that  obtained  by  Grehand  and  Quinquaud  (6) 
with  the  carbon  monoxide  method  (8.2  cc.  per  100  grams  body  weight), 
and  also  that  obtained  by  the  method  originally  employed  by  Welcker, 
which  depends  on  washing  out  or  extracting  all  of  the  blood  and  esti- 


TABLE  t 

Female  mongrel  bull  dog,  weight  It  pounds.    Uemonkage 
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16-160 

March  6  (5  minutes  after 

March   6    (30    mioutes 
after  hemorrhage}... . 

2.1 

March  9 

mating  the  hemoglobin.  By  this  method  about  7.8  cc.  of  blood  per 
100  grams  body  weight  was  obtained  (7).  The  reasons  for  the  dif- 
ference between  these  methods  are  as  yet  not  entirely  clear.  This 
problem  is  receiving  further  study  in  this  laboratory. 

In  this  series  practically  no  difference  exists  in  the  amount  of  blood 
per  unit  body  weight  in  respect  to  the  size  of  the  animal. 

Hemorrhage  experimerUs.  In  a  number  of  animals  the  effect  of  acute 
hemorrhage  on  blood  and  plasma  volume  was  studied.  The  protocols 
■of  four  such  experiments  are  presented  in  tables  6,  7,  8  and  9. 
In  all  experiments  healthy,  sound  young  doge  were  used.  The  first 
blood  volume  estimation  in  each  experiment  was  performed  tvro  days 
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before  the  day  of  the  hemorrhage.  It  is  recognized  that  in  individual 
cases  the  blood  volume  may  change  somewhat  in  the  space  of  two  days. 
Id  order  to  minimize  this  error  the  animals  were  kept  under  as  nearly 
constant  conditions  as  possible  throughout  the  course  of  the  experi- 
ment, all  animals  being  kept  on  a  uniform  diet  of  cracker-meal,  lard 
and  butter  for  a  period  of  five  days  preceding  the  hemorrhage.  Hemor- 
rhage was  effected  by  rapid  withdrawal  of  blood  by  aspiration  through 
a  needle  inserted  in  the  external  jugular  vein.  The  animals  were  but 
slightly  depressed  and  showed  but  a  slight  temporary  amount  of  dyspnea 
as  a  result  of  the  loss  of  blood. 

TABLE  7 
Black  male  mongrel  pup,  weight  tO  poundn.     fTemorrhage  i04  cc.  in  3  minutes 
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2,2 


The  effect  of  the  procedure  on  the  blood  volume,  plasma  volume  and 
cell  volume  is  summarized  in  table  10.  The  amount  of  plasma  and 
of  cells  removed  is  calculated  from  the  total  amount  of  blood  with- 
drawn on  the  assumption  that  the  blood  withdrawn  contained  the 
same  percentage  of  cells  as  was  present  in  the  blood  at  the  time  of 
performing  the  first  blood  volume.  Although  a  certain  amount  of 
variation  exists  in  individual  experiments,  the  averages  show  that  the 
fall  in  both  cell  volume  and  in  plasma  volume  is  within  a  few  cubic 
centimeters  of  the  theoretical.  In  the  course  of  three  days,  however, 
the  plasma  volume  has  returned  to  a  level  shghtly  above  the  original 
level.     Due  to   the  decreased  cell  volume  the  blood  volume  is  stil! 
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TABLE  » 

Fematt  bvU  eoaeh  monffrel,  vmgfU  tS  pounds.    Hemorrhage  tH  ce.  i 
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TABLED 

Male  mongrel  bull  dog,  weight  97 J  pomtda.    Hemorrhage  tBi  c 


March  4 
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March  6  (S  minutes  after 
hemorrhage) 

March  6  (30  minutes 
after  hemorrhage). 
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below  the  original  figure.  The  fact  that  the  cell  volume  is  lower  at  the 
end  of  three  days  than  immediately  following  the  hemorrhage  is  a 
peculiar  and  as  yet  unexplained  phenomenon.  More  data  are  being 
collected  on  this  point. 
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In  all  of  the  hemorrhage  experiments  the  serum  proteins  were  esti- 
mated by  the  micro-refractometric  method  of  Robertson  (8).  A  sum- 
mary of  the  figureB  giveo  in  detail  in  the  protocols  of  the  individual 
experiments  is  preBented  in  table  11.  The  amount  of  circulating 
serum  proteinB  is  decreased  as  a  result  of  hemorrhage  by  veiy  nearly 
the  theoretical  amoimt.     Regeneration,  however,  has  in  the  course  of 
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TABLE  11 

The  effect  o}  hemorrhage  upon  the  evrailoting  >i 
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32.11 

22.80 

31.42 

-0.85 

7.67 

three  days  restored  the  circulatii^  proteins  almost  to  the  original 
figure.  It  is  noteworthy,  however,  that  the  concentration  of  protein 
in  the  serum  is  still  considerably  below  the  ordinal. 

In  conclusion  and  on  the  behalf  of  the  Department  of  Anatomy 
and  the  Hooper  Foundation  we  wish  to  express  our  appreciation  for 
invahiable  assistance  given  by  Dr.  Carl  Alsberg,  Chief  of  the  Bureau 
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of  Chemistry,  Department  of  Agriculture,  Washington,  and  Dr.  H.  D. 
Gibbs,  Chemist  in  charge  of  the  Color  Laboratory,  Bureau  of  Chem- 
istry, Department  of  Agriculture,  Washington.  These  gentlemen  sup- 
phed  practically  all  the  dye  used  in  the  first  two  papers  of  this  series. 


A  simple  and  accurate  method  of  blood  volume  determination  is 
outlined  in  detail.  Suitable  controls  of  many  factors  are  submitted 
and  the  method  tested  in  vitro. 

The  averse  normal  blood  volume  for  young  active  dogs  of  medium 
weight  as  determined  by  this  method  may  be  stated  as  10.1  per  cent 
body  weight.     Individual  diJTereneea  are  considerable  (table  5), 

After  the  rapid  withdrawal  (hemorrhage)  of  a  known  amount  of 
blood,  this  blood  volume  method  performed  immediately  will  show  a 
calcuJated  blood  volume  remaining  which  is  very  close  to  the  estimated 
blood  volume. 
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A  simple  method  for  the  estidiatioQ  of  blood  volume  in  the  same 
animal  at  Bhort  iutervalB  ifi  much  to  be  desired.  An  accurate  method 
for  the  estimation  of  blood  volume  repeatedly  at  intervals  of  minutes 
or  hours  will  at  once  give  data  of  interest  and  value.  Such  data  are 
not  at  present  available.  With  the  ability  to  estimate  blood  volume 
changes  during  short  intervals  we  are  at  once  able  to  study  the  ex- 
change of  fluids  which  may  go  on  in  acute  shock,  or  after  hemorrhage  or 
induced  plethora.  Under  such  conditions  one  suspects  that  there  may 
be  exchange  of  fluid  between  the  tiasues  and  the  circulating  blood  but 
there  are  no  published  experimenta  which  are  not  open  to  criticism. 

Certain  observations  of  this  nature  have  been  reported  by  a  few  o& 
the  earlier  workers — Keith,  Kowntree  and  Geraghty  (1),  Robertson 
atid  Bock  (2)  and  Lamson  (3),  but  no  details  are  given  as  to  the  exact 
method  used  and  only  one  or  two  observations  are  recorded  in  each 
report.  For  this  reason  and  because  of  our  earlier  experimenta  we 
conclude  that  these  observations  were  not  entirely  satisfactory. 

When  one  attempts  to  repeat  the  blood  volume  estimation  on  the 
BBxae  animal  at  short  intervals  be  is  at  once  confronted  by  the  fact 
that  after  one  such  determination  the  plasma  remains  colored  for  a 
period  varying  from  several  hours  to  several  days.  The  presence  of 
dye  in  the  plasma  complicates  all  subsequent  blood  Toliuue  determin- 
ations. In  order  to  detennine  the  blood  volume  a  second  time  under 
such  circumstances,  one  may  again  inject  intravenously  the  cus- 
tomary amount  of  dye  and  estimate  colorimetrically  the  increase  in  dye 
concentration  in  the  plasma  as  a  result  of  such  injection.  TheoreticaHy 
this  increase  in  color  intensity  might  be  estimated  by  subtracting  the 
colorimetric  reading  of  a  sample  of  plasma  drawn  before  injection  of  the 
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dye  from  the  colorimetric  reading  of  another  sample  taken  after  such 
injection.  The  increase  in  color  intensity  thus  detennined  is,  however, 
subject  to  the  error  of  two  colorimetric  readings,  the  sum  of  which 
may  in  some  cases  be  considerable.  For  example,  the  second  de- 
termination may  be  made  after  an  interval  of  a  few  hours.  At  such 
time  the  amount  of  dye  in  the  plasma  may  be  small  and  therefore 
difficult  to  estimate  accurately  because  of  the  normal  yeUow  plasma 
tint.  The  procedure  used  to  minimize  this  error  is  given  below.  The 
mathematical  soundness  of  this  procedure  will  be  shown. 


For  a  repeated  blood  volume  estimation  the  dye  is  injected  and  the 
samples  collected  in  the  same  way  as  was  outlined  in  the  preceding 
paper  (4).  Part  of  this  may  for  convenience  be  repeated.  A  hypo- 
dermic needle  is  inserted  into  the  jugular  vein  and  10  cc.  of  blood 
drawn  (with  as  little  compression  of  the  vein  as  possible)  into  a  dry 
well-vaselined  syringe.  This  blood  is  immediately  run  into  a  15  cc, 
graduated  hematocrit  tube  containing  2  cc,  of  a  1.6  per  cent  solution 
of  sodium  oxalate.  The  blood  and  oxalate  are  mixed  by  inversion  and 
the  tube  stoppered.  An  amount  of  brilliant  vital  red  (I  per  cent) 
equsd  in  cubic  centimeters  to  the  weight  of  the  animal  in  pounds 
divided  by  11  (i.e.,  1  cc.  per  5  kilos  body  weight)  is  drawn  up  into  a 
syrii^e  along  with  5  to  10  cc.  of  0.9  per  cent  saline.  This  dye  solution 
is  now  injected  into  the  jugular  vein,  the  dye  being  washed  completely 
out  of  the  syringe  into  the  blood  stream  by  means  of  a  few  cubic  cen- 
timeters of  normal  saline.  Four  minutes  after  the  injection  of  dye  a 
clean  needle  is  again  inserted  into  the  jugular  vein  (preferably  of  the 
opposite  side)  and  another  10  cc.  sample  of  blood  is  drawn  and 
placed  in  another  15  cc.  hematocrit  tube  also  containing  2  cc.  of  1.6  per 
cent  sodium  oxalate. 

The  second  blood  volume  determination  may  be  done  at  such  time 
as  may  be  desired — for  example,  after  a  period  of  10  or  20  minutes. 
The  procedure  is  exactly  similar  to  that  already  described  and  the  time 
interval  of  4  minutes  is  the  same  as  before,  that  is,  4  minutes  from  time 
of  injection  of  the  second  dye  sample  to  the  time  of  removal  of  the 
second  dye  plasma  sample. 

The  hematocrit  tubes  are  now  centrifugalized  at  2500  revolutions 
a  minute  for  30  minutes.  The  total  contents  of  the  tube  and  the  number 
of  cubic  centimeters  of  blood  cells  are  now  noted.  Colorimetric  read- 
Qgs  are  then  made  and  the  plasma  volume  estimated  as  follows: 
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Calculation  0/  the  second  blood  volume 

Let  D  =  the  number  of  cubic  centimeters  of  1  per  cent  dye  injected 
into  the  animal. 

Ci  -  the  total  number  of  cubic  centimeters  of  oxalated  plasma 
present  in  the  first  sample  of  blood  drawn  minus  2,  divided  by  the 
total  number  of  cubic  centimet«rs  of  oxalated  plasma  present  in  the 
same  tube.  This  value  expresses  the  ratio  of  the  actual  concentration 
of  dye  in  the  plaama  when  diluted  with  oxalate  solution,  to  the  value 
when  not  so  diluted. 

Ci  =  the  total  number  of  cubic  centimeters  of  oxalated  plasma 
present  in  the  second  sample  of  blood  drawn  minus  2,  divided  by  the 
total  number  of  cubic  centimeters  of  oxalated  plasma  present  in  the 
same  tube.  The  significance  of  this  figure  is  the  same  as  that  described 
for  Ci  above. 

Ri  =  the  observed  colorimetric  reading  of  a  sample  of  dye-tinged 
plasma  (diluted  with  two  parts  of  saline)  taken  immediately  before  the 
injection  of  the  dye  for  the  second  blood  volume  estimation  read  against 
a  standard  prepmred  as  follows:  Of  a  dye  solution  containing  0.75  cc.  of 
1  per  cent  dye  diluted  to  200  cc.  with  water  take  5  cc.  To  this  amoimt 
add  5  cc.  of  0.9  per  cent  saline  and  5  cc.  of  normal  dye-free  plasma. 

Ai'the  observed  colorimetric  reading  (expressed  in  per  cent)  of  a 
sample  of  dye-colored  plasma  (diluted  with  two  parts  of  saline)  taken 
4  minutes  after  the  injection  of  the  dye  for  the  repeated  blood  volume 
estimation,  against  a  standard  prepared  as  follows :  5  cc.  of  a  dye  solution 
containing  0.75  cc.  of  1  per  cent  dj'e  in  200  cc.  of  water,  +  5  cc.  of  0.9 
per  cent  saline  +  5  cc.  of  the  dye-tinged  plasma  taken  immediately 
before  the  injection  of  dye  for  the  repeated  blood  volume  estimation. 

Then : 

2666666  DC  A 


The  plasma  volume  = 
And  the  blood  volume 


CiRilRi  +  100)  -  100  CjR, 

^  Plasma  Volume  X  100 

Per  Cent  Plasma 


The  total  blood-cell  volume   -  blood  volume  minus  plasma  volume. 

The  method  above  described  is  essentially  the  same  method  as  is 
employed  in  the  estimation  of  the  first  blood  volume.  It  will  be  recalled 
that  in  the  method  as  outlined  in  the  previous  paper  the  standard 
against  which  the  unknown  (diluted  with  two  parts  of  saline)  was  read, 
was  made  up  of  equal  parts  of  saline,  standard  dye  solution  (0.75  cc. 
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of  1  per  cent  dye  diluted  with  water  to  200  cc.)  and  normal  plasma 
taken  from  the  same  animal  immediately  before  injection  of  the  dye. 
In  performing  the  second  blood  volume  the  unknown  and  standard  are 
prepared  in  exactly  the  same  way.  In  this  case,  however,  the  plaema 
taken  immediately  before  the  injection  of  dye  is  itself  dye-colored 
(from  dye  renutining  from  the  previous  blood  volume  determination). 
This  amount  of  dye  (Ri)  is  present  in  both  standard  and  unknown. 

Hence:  — ■ •■  —    whence  ft  -  the  colorimetric  readinz  of  the 

ft+100  100 
plasma  before  the  injection  of  dye  agaiiut  a  standard  prepared  in  the 
customary  way  for  the  first  blood  volume  estimation  (equal  parte  of 
normal  plasma,  saline  and  standard  dye  solution).  Rt  represents  the 
increase  in  concentration  of  dye  in  the  plaana  as  a  result  of  the  injec- 
tion of  dye.  This  formula  simply  means  that  the  unknown  (Ri  +  Ri) 
divided  by  the  standard  {Ri  +  100)  equals  the  observed  colorimetric 

reading  expressed  in  parts  per  100  I  i.e.  —  J. 

The  soundness  of  this  last  formula  is  illustrated  experimentally  in  ex- 
periment no.  243.  In  this  experiment  the  standard  employed  m  no.  4 
may  be  taken  as  100.  The  standard  used  in  no.  5  then  equ^  100  +  Ri 
where  Bi  (according  to  no.  4)  equals  75.  The  unknown  in  no.  5  also 
contains  Ri  and  hence  may  be  represented  eaRi  +  Rt  where  Rt  equate 
the  increase  in  dye  concentration  to  be  determined.    Rt,  the  observed 

reading,  is  86.    By  substituting  in  the  formxila  -  ' 

obtains  Zl±^  ,.  H  Solving,  ft,  -  75.5. 
75  +  100  100 
It  can  readily  be  seen  from  no.  3  that  the  increase  (ft)  in  dye  » 
tration  over  the  residual  is  75.  The  increase  as  determined  colori- 
metrically  with  the  use  of  the  formula  differs  from  the  correct  v^ue, 
therefore,  by  only  0.5  per  cent. 

Experiment  tiS.  Measurement  of  the  color  inereate  resulting  from  the  addition 
of  dye  to  dye-lirtged  tBoler. 

1.  Seventy-five  one  hundredths  cubic  centimeter  of  2  per  cent  briliiant  vitfti 
red  are  accurately  diluted  with  water  to  200  cc.  in  a  volumetric  flask. 

2.  Six  hundred  and  seventy-five  thousandthe  cubic  centimeter  of  a  2  per  cent 
Bolution  of  the  atune  dye  is  similarly  diluted  with  water  to  240  cc.  Thia  is  equiva- 
lent to  diluting  0.56  cc.  of  dye  to  200  cc. 

3.  Fifty-six  hundredths  cubic  centimeter  more  of  2  per  cent  dye  Iei  accurately 
diluted  with  no.  2  to  200  cc.  in  a  volumetric  flask. 
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4.  A  Btandard  is  prepared  u  followB:  5  cc,  of  no.  I  +  10  cc.  of  water.  Against 
this  standard  S  cc.  of  no.  2  diluted  with  10  cc.  of  water  reada  75  per  cent. 

5.  A  second  standard  is  prepared  as  follows:  5  cc.  of  no.  1  +  5  cc.  of  no.  2  +  5 
CC-  of  water.  Against  this  standard  S  oc.  of  no.  3  diluted  with  10  cc.  of  water 
reads  86  per  cent. 

It  was  stated  above  that  mathematically,  it  would  be  possible  to 
determine  the  increase  in  color  intensity  by  a  simple  subtraction  of  the 
residual  dye  concentration  (Ri)  from  the  total  dye  concentration  after 
addition  of  more  dye.  With  such  procedure  it  was  pointed  out  that 
the  error  in  the  estimated  increase  is  the  algebraic  sum  of  the  errors 
of  these  two  colorimetric  readings.  Computation  shows  that  by  the 
procedure  outlined  with  the  use  of  the  above  formula  the  error  in  the 
estimated  increase  [Ri)  is  not  so  great  as  this  algebraic  sum  provided 
that  Ri  is  less  than  Rt.  Moreover  as  Ri  becomes  smaller  its  accurate 
determination  becomes  increasingly  difficult  particularly  since  the 
interference  due  to  the  nonnal  pigments  of  the  plasma  becomes  more 
marked.  Fortunately  an  error  of  considerable  magnitude  may  be  made 
in  the  estimation  of  Ri  without  seriously  affecting  the  value  of  Ri.  For 
example  if  through  error  in  colorimetric  reading  Ri  in  experiment  no. 
243  had  been  incorrectly  read  as  70  instead  of  75,  Rt  would  have  been 
calculated  to  be  76.2  instead  of  75.5 — an  error  of  less  than  1  per  cent. 

In  all  blood  volume  determinations  the  plasma  is  diluted  by  the  oxalate 
solution  which  must  neceBsarily  be  added  to  prevent  coagulation. 
Correction  must  therefore  be  made  for  such  dilution.  The  fcumula 
fii+fl.  _Rt  , 
fi,  +  100  '  100 


R, 

=  -^otR, 


Ci _  Rt       p   fliBtCi  -H  100  CiRt  -  100  RjC, 


fl,  +  100   100  100  C, 

In   the   previous   paper  it   was  found    that    Plasma   Volume   - 

— —-^ — ■ -.    Since  R  in  this  formula  corresponds  to  the  fi.  in  the 

formula  derived  above  {Rt  being  the  increase  in  dye  concentration 
without  correction  for  dilution  by  oxalate),  R»  may  be  substituted  in 
the  formula  for  plasma  volume  with  the  following  result : 

Plasma  Volume  - 


C,Rt(.Ri  +  100)  -  100  C,B, 
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The  experiment  cited  below  (fromexper.  218)  illustrates  the  procedure. 

Dog,  weight  i7.6  poundi.  At  10.46  a.m.  a  siniple  blood  volume  estimation  was 
carried  out.  Preparationa  were  then  made  to  repeat  the  determination  aa  has 
been  outlined  above.  At  11.07  a.m.  a  sample  of  blood  drawn  from  the  iu^ular 
vein  was  placed  in  a  15  cc.  hematocrit  tube  containing  2  cc.  of  1.6  per  cent  Bodiuiu 
oxalate.  After  centrifugalization  thie  tube  was  found  to  contain  5.95  cc.  of 
blood  cells.  Its  total  content  was  14.75  cc.  Ci  eetimated  as  described  above 
is  !b-  At  11.08  a.m.  brilliant  vitai  red  (4.30  cc.  of  1  per  cent  solution)  together 
with  about  6  cc.  of  0.9  per  cent  sodium  chloride  were  injected  into  the  jugular 
vein.  At  11.12  a.m.  another  sample  of  blood  was  drawn  into  another  hema- 
tocrit tube  containing  also  2  cc.  of  1.6  per  cent  sodium  oxalate.  After  centrif- 
ugalization  this  tube  was  found  to  contain  5.5  cc.  of  blood  cella.  Its  total 
content  was  14.6  cc.    Ci  therefore  is  U. 

One  cubic  centimeter  of  plaama  from  the  blood  sample  drawn  at  11.07  a.m. 
was  mixed  iu  a  small  tube  with  2  cc.  of  0.9  per  cent  sodium  chloride.  This 
solution  was  read  against  a  standard  prepared  as  follows :  5  cc.  of  a  dye  solution 
containing  0.75  cc.  of  1  per  cent  brilliant  vital  red  diluted  to  200  cc.  with  water 
+  6  cc.  of  0.9  per  cent  sodium  chloride  +  5  cc.  of  normal  plasma  (obtained  from 
the  some  animal  at  10.43  a.m.,  i.e.,  before  he  bad  received  the  first  injection  of 
dye).  The  test  solution  reads  against  this  standard  76  par  cent,  fli  therefore 
-  76. 

A  second  standard,  this  time  containing  dye-tinged  plasma,  was  prepared  as 
follows:  5  cc.  of  plasma  from  the  sample  of  blood  drawn  at  11.07  a.m.  +  5  cc.  of 
B  dye  solution  containing  0.75  cc.  of  1  per  cent  brilliant  vital  red  diluted  to  200 
cc.  with  water  4-  5  cc.  of  0.9  per  cent  sodium  chloride.  A  test  solution  was 
prepared  by  diluting  1  cc.  of  piasma  obtained  from  the  sample  of  blood  drawn 
at  11.12  a.m.  with  2  cc.  of  0.9  per  cent  saline.  This  solution  against  the  above 
standard  reads  00  per  cent.    Rt  therefore  =  90. 

Substituting  these  values  in  the  formula; 


Tlaama  Volume  = 


2666667  D  CiC. 
Ciff,(Bi  +  100)  -  100  CiR, 


Plasma  Volume  = 


The  per  cent  plasma  (obtained  from  an  average  of  the  two  hematocrit  tubes) 
-    ciAA     a-        .u    ui     J      1  Plasma  Volume  X  100  ^^    ^,      ,      , 

IS  54.4.    Since  the  blood  volume  =  — =- ;; — the  blood  volimie  — 

Plaama  Per  Cent 

By  difference  the  total  cell  volume  is  dl3  co. 
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In  tables  1  and  2  the  dye  method  for  the  repeated  estimation  of  blood 
volume  is  tested  out  in  vitro  on  large  quantities  of  oxalated  dog's  blood. 
In  the  experiment  cited  in  table  1  three  separate  blood  volume  determina- 
tions are  made  on  known  amounts  of  the  same  sample  of  oxalated  blood. 
In  no  case  was  the  error  greater  than  3.1  per  cent  while  the  average 
error  for  the  three  determinations  was  2.5  per  cent.  In  the  experiment 
cited  in  table  2  the  errors  in  the  estimation  by  the  dye  method  were 
2.5  and  5.0  per  cent  respectively  in  each  of  two  determinations.  The 
mechanical  errors  involved  in  the  repeated  estimations  of  blood  volume 
by  the  dye  method  under  such  experimental  conditions  do  not  exceed 
5  per  cent. 

In  the  three  experiments,  tables  3,  4  and  5,  repeated  blood  volume 
determinations  have  been  made  on  the  same  dogs  at  short  intervals  of 
time.  In  all  cases  repeated  determinations  on  the  same  animal  give 
simi'ar  results.  In  no  case  does  any  blood  volume  determination  diifer 
from  the  average  of  all  determinations  made  on  the  same  animal  by 
more  than  5.0  per  cent. 

We  wish  to  emphasize,  however,  that  these  figures  apply  to  deter- 
minations completed  within  two  to  three  hour  periods.  When  longer 
iatervals  elapse  between  blood  volumes  we  may  observe  fluctuations  in 
blood  cell  and  plasma  ^ures  which  we  cannot  at  present  explain.  We 
feel  that  sufficient  data  are  submitted  to  show  that  these  fluctuations 
are  not  due  to  errors  inherent  in  this  proposed  method.  When  we 
consider  the  various  physiological  reactions  of  the  blood  vessels  in 
response  to  familiar  digestive  stimuU  we  need  not  be  surprised  at  fluc- 
tuations in  circulating  blood  volxune.  These  physiological  reactions 
are  merely  suggested  as  a  type. of  the  many  changes  which  might 
modify  the  fluid  or  cells  circulation  in  the  body  at  any  given  time. 

Experiment  M8.  The  repealed  blood  volume  method  carried  out  in  vitro  on 
oxalated  blood. 

1.  Seven  hundred  and  fifty  cubic  ceotimeters  of  blood  were  drawn  (Tom  the 
jugular  veins  of  each  of  four  normal  doge  into  each  of  two  bottles  containing  75 
cc.  each  of  1.6  per  cent  sodium  oxalate.  This  blood  was  thoroughly  mixed.  A 
graduated  15  cc.  hematocrit  tube  was  filled. 

2.  Nine  hundred  cubic  centimeters  of  no.  1  were  poured  into  a  dry  1000  cc. 
volumetric  flaak.  Two  cubic  centimeters  of  1  per  cent  brilliant  vital  red  were 
added  and  the  flask  made  up  to  mark  with  no.  1.  The  contents  of  the  flaak 
were  thoroughly  mixed  by  rotation  and  inversion  for  5  minutes.  At  the  end  of 
this  lime  14  cc.  were  quickly  pipetted  into  a  dry  15  cc.  graduated  hematocrit 
tube. 
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3.  Five  hundred  cubic  centimetera  of  no.  2  were  poured  into  a  volumetric 
flask  calibrated  to  hold  510  cc.  One  and  two  hundredths  cubic  centimeter  of  1 
per  cent  brilliant  vital  red  were  added  and  the  flask  made  up  to  mark  witli  no.  2. 
The  contents  of  the  flsak  were  thoroughly  mixed  by  rotation  and  inversion  for  6 
minutes.  At  the  end  of  this  time  a  dry  graduated  IS  cc.  hematocrit  tube  was 
filled  with  the  mixture. 

4.  Four  hundred  and  eigbty-five  cubic  centimeters  of  no.  3  were  poured  into 
a  volumetric  flask  calibrated  to  hold  490  cc.  Ninety-eight  hundredths  cubic 
centimeter  of  a  1  per  cent  brilliant  vital  red  were  added  and  the  flask  made  up 
to  mark  with  no.  3.  The  contents  of  the  flask  were  thoroughly  mixed  by  rota- 
tion and  inversion  for  5  minutes.  At  the  end  of  this  time  a  dry  graduated  IS  ee. 
hematocrit  tube  was  filled  with  the  mixture. 

All  of  the  hematocrit  tubes  were  corked  and  centrifugalited  for  30  minutes 
at  3S00  revolutions  a  minute.  The  quantity  of  packed  cells  and  of  supernatant 
fluid  in  each  tube  whs  noted. 

The  standard  solutions  and  dilutions  employed  in  obtaining  the  colorimetrie 
readings  given  below  were  made  in  the  usual  manner  except  that  the  aqueous 
dye  solution  from  which  the  standards  were  prepared  contained  1  cc.  of  dye 
diluted  to  200  cc.  with  water  instead  of  the  customary  0.7S  dye  diluted  to  200  cc. 
with  water. 

In  the  first  volume  estimation  (no.  2  above)  At  -  88  per  cent.  R,  of  course 
in  this  case  is  zero. 

In  the  second  volume  estimation  (no.  3  above)  £i  -^  91  per  cent.  From  the 
preceding  paragraph  it  is  obvious  that  Ri  "  S%  per  cent. 

In  the  third  volume  estimation  (no.  4  above)  Ai  (no.  4  above)  —  94  per  cent. 
Rt  (estimated  from  the  sample  prepared  in  no.  3  above)  is  170  per  cent. 

Since  the  hematocrit  tubes  receiving  the  blood  contained  no  oxalate  Bolution, 
Ci  and  Ci  in  all  eases  equal  unity.  The  final  results  must  be  multiplied  by  1 
because  of  the  stronger  standard  used. 

The  results  of  the  three  volume  estimations  are  given  in  the  table  below. 

Experiment  $SS.  The  repeated  blood  volume  method  carried  out  in  vitro  on 
oxalated  blood. 

1.  Three  hundred  cubic  centimeters  of  blood  were  drawn  from  a  normal  dog 
into  a  flask  containing  35  ce,  of  1.6  per  ^ent  sodium  oxalate.  This  blood  was 
thoroughly  mixed.     A  graduated  15  cc.  hematocrit  tube  was  filled. 

2.  Two  hundred  cubic  centimeters  of  no.  I  were  poured  into  a  dry  250  ee. 
volumetric  flask.  Then  0.456  cc.  of  1  per  cent  brilliant  vital  red  was  added 
and  the  flask  made  up  to  mark  with  no.  1.  The  contents  of  the  flask  were 
thoroughly  mixed  by  rotation  and  inversion  for  6  minutes.  At  the  end  of  this 
time  14  cc.  were  quickly  pipetted  into  a  dry  15  oc,  hematocrit  tube. 

3.  One  hundred  and  fifty  cubic  centimeters  of  no.  2  were  then  poured  into  a 
volumetric  flask  calibrated  to  hold  200  cc.  Then  0.356  cc.  of  I  per  cent  brilliant 
vital  red  was  added  and  the  flask  made  up  to  mark  with  no.  2,  The  contents  of 
tiie  flask  were  thoroughly  mixed  by  rotation  and  inversion  for  five  minutes. 
At  the  end  of  this  time  a  dry  graduated  IS  cc,  hematocrit  tube  was  filled  with 
the  mixture.  All  of  the  hematocrit  tubes  were  corked  and  centrifugaliied  for 
30  minutes  at  2500  revolutions  a  minute.  The  quantity  of  packed  cells  and  of 
supernatant  fluid  in  each  tube  was  noted. 
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Experiment  168.    The  rtpeaUd  Mood  volwat  method  a 
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The  stAndard  BolutioDs  aad  dilutions  employed  in  obtaining  the  oolorimetri 
readings  given  below  were  made  in  the  usual  manner. 

In  the  first  volume  estimation  (in  no.  2  above)  Ai  >■  100.    A|  of  course  in  this 

In  the  second  volume  estimation  (no.  3  above)  R,  ■  100.  From,  the  pre- 
ceding paragraph  it  is  obvious  that  Ri  —  100  per  cent. 

Since  the  hematocrit  tubes  receiving  the  blood  contained  no  oxalate  solution, 
Ci  and  C|  in  all  cases  equal  unity. 

The  results  of  the  two  volume  estimations  are  given  in  table  2  t>elow. 
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Experiment  ttS.  Repealed  determination  of  blood  voltime  on  the  tame  animal. 
Dog  19-117.  Short  haired,  adult  male  bull  dog.  Good  condition.  Weight  47.5 
pounds.  Blood  volume  determinations  were  carried  out  according  to  the  pro- 
cedure already  described  and  at  the  intervals  indicated  below: 

First  blood  volume  determination  made  at  10.43  a.m. 

Second  blood  volume  determination  made  at  11.08  a.m. 

Third  blood  volume  determination  made  at  11.27  a.m. 

Due  to  the  taking  of  blood  samples  for  other  purposes  a  larger  amount  of  blood 
was  withdrawn  than  is  customary — a  total  of  108  cc. 

The  results  of  the  determinations  are  given  in  table  3  below. 
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ExperimmttlS.    RepeaUd 

TABLES 

determination  of  blood  volitme  on  the  same  animal 
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Bxperiment  St7.  Repeated  determinalion  oj  blood  volume  on  the  same  animal. 
Dog  17-160.  Short  haired,  brown  adult  male  mongrel.  Good  condition.  Weight 
45  pounds.  Blood  volume  determinations  were  cftTTJed  out  according  to  the 
procedure  already  described  and  at  the  intervals  indicated  below: 

First  blood  volume  determination  made  at  9.58  a.m. 

Second  blood  volume  determination  made  at  10.15  a.m. 

The  total  amount  removed  was  45  cc. 

The  results  of  the  deteratinations  are  given  in  table  4  below 

TABLE  4 

Experiment  1X7.    Repealed  delerminaHon  of  blood  volume  on  Uie  eame  animal 
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Experiment  HB.  Repeated  determinalion  of  blood  volume  on  the  eame  animal. 
Dog  19~lll.  Long  haired,  adult  male  shepherd.  Good  condition.  Weight  35 
pounds.  Blood  volume  determinations  were  carried  out  according  to  the  pro* 
cedure  already  described  and  at  the  intervals  indicated  below: 

First  blood  volume  determination  made  at  10.30  a.m. 

Second  blood  volume  determinntion  made  at  10.46  a.m. 

Third  blood  volume  determination  made  at  1.55  p.m. 

Total  amount  of  blood  removed  was  69  cc. 

The  results  ot  the  determinations  are  given  in  table  5  below. 

In  conclusion  I  wish  to  express  appreciation  to  Dr.  G.  H.  Whipple 
and  to  Mr.  A.  E.  Belt  for  advice  given  throughout  the  course  of  this 
work  and  for  valuable  assistance  given  in  the  matter  of  arrangement 
and  presentation  of  the  subject  matter  contained  in  this  paper. 
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TABLES 

Experiment  t48.     Repeated  determinalion  of  blood  volume  on  the  same  animal 
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A  method  is  outlined  in  which  the  dye  blood  volume  method  is  adapted 
to  repeated  determinations  on  the  same  animal  at  short  intervals. 
The  soundness  of  the  method  is  demonstrated  by  controls  done  in  vitro 
as  well  as  repeated  determinations  performed  in  rapid  succession  on 
the  same  animal. 

The  experimental  error  does  not  exceed  5  per  cent.  Fluctuations  in 
blood  volume  greater  than  this  are  sometimes  seen  over  long  periods 
of  time.  These  fluctuations  arise  from  physiological  factors,  the  exact 
nature  of  which  is  not  yet  understood. 
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Blood  vohime  detemunations  1^  means  of  dye  substances  injected 
intravenously  are  now  familiar  procedures.  A  dye  suitable  for  this 
work  must  be  non-toxic  aod  not  permanently  stored  by  the  body  cells. 
More  important,  the  dye  must  remain  in  the  circulating  plasma  at 
least  for  several  minutes  after  its  injection  before  its  removal  fnnn  the 
plasma  is  much  in  evidence.  "Vital  red"  dyes  have  been  used  for 
blood  volume  determinations  in  human  beings  and  animals  with  no 
untoward  effects.  Some  of  the  errors  which  may  creep  into  these 
determinations  have  been  pointed  out  m  other  papers  of  this  series 
(papers  I  and  II).  The  method  used  in  these  experiments  is  described 
in  detail  below. 

In  view  of  the  incressiog  interest  and  importance  of  blood  volume 
studies  it  seemed  desirable  to  study  with  care  many  dye  subtances 
which  might  be  of  value  in  future  work — possibly  of  greater  value  than 
the  "vital  red"  series.  This  study  has  been  extended  to  include  a 
number  of  dyes  which  are  excreted  in  considerable  measure  by  the 
kidneys  or  liver.  In  many  instances  the  behavior  of  a  certain  dye  was 
well  known  and  is  included  in  our  tables  mainly  for  comparison  and 
control  of  other  factors.  Other  dyes  were  tested  because  of  a  suggestive 
chemical  cot^tution  which  would  seem  to  indicate  a  possible  physio- 
logical relationship  to  other  familiar  dyes.  Still  other  dyes  of  this 
series  were  employed  because  they  had  been  studied  as  to  other  aspects 
of  their  behavior  in  living  animals  by  workers  in  the  Department  of 
Anatomy.  It  need  not  be  repeated  that  at  present  tfw  beJuwior  of  a 
given  dye  in  the  blood  atream  cannot  be  predicted  from  any  analysis  of  its 
chemical  formula. 
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,  We  have  tested  by  the  method  described  below  a  series  of  over  sixty 
dye  substances.  The  dyes  are  predominantly  of  the  benzidine  series, 
are  non-toxic  and  not  chemically  changed  in  the  blood  plasma.  For 
the  sake  of  convenience  in  tabulation  these  dyes  have  been  grouped 
into  tiiree  main  divisions  but  it  should  be  kept  in  mind  that  there  is  no 
sharp  line  of  demarkation.  These  groups  fade  into  each  other.  Group 
I  contains  dyes  resembling  the  "vital  red"  series  which  persist  in  the 
blood  plasma.  Group  II  contains  dyes  which  leave  the  blood  stream 
rapidly  and  appear  in  the  urine,  for  example,  phenolsulphonephthalein. 
Group  II  contains  dyes  which  leave  the  blood  stream  with  considerable 
rapidity  but  do  not  appear  to  any  degree  in  the  urine.  What  becomes 
of  such  substances  we  are  unable  to  say  but  it  is  evident  that  these 
<^es  are  changed  by  contact  with  the  living  cells  so  that  th^  are  no 
longer  recognizable. 

From  the  standpoint  of  blood  volume  the  dyes  of  group  I  are  of 
especial  interest,  but  some  significance  attaches  to  the  pbysiologica] 
behavior  of  the  dyes  in  groups  II  and  III.  An  analysis  of  the  dyes  in 
group  I  (table  5)  will  show  a  blue  azo  dye  (T-1824)  which  we  believe 
to  be  slightly  superior  to  the  best  of  the  vital  red  series.  This  dye  gives 
a  blue  color  to  the  plasma  which  is  very  easy  to  read  and  can  be  colori- 
metrically  determined  with  great  accuracy.  It  leaves  the  blood 
plasma  very  slowly  and  hemolysis  which  may  be  present  as  a  confusing 
factor  in  certain  experiments  is  more  easily  recognized  than  is  the  case 
with  the  red  dyes.  Six  other  dye  substances  (table  6)  may  be  classified 
with  the  "vital  red"  group  for  routine  blood  volume  work  and  if  avail- 
able may  be  substituted  for  vital  red. 


Unless  otherwise  noted  a  I  per  cent  solution  of  the  dye  made  up  in 
distilled  water  fuid  filtered  is  used  for  injection.  Calculated  on  the 
basis  of  2  mgm.  per  kilogram  of  body  weight,  the  proper  amount  of 
dye  is  slowly  injected  into  the  jugular  vein  from  a  glass  syringe.  This 
syringe  is  then  rinsed  by  withdrawing  a  little  blood  which  is  reinjected 
and  followed  by  a  little  saline.  Previous  to  the  dye  injection,  a  10  cc. 
sample  of  blood  is  withdrawn  in  a  clean  10  cc.  syringe  (rinsed  in  0.9 
per  cent  salt  solution)  and  emptied  into  a  15  cc.  graduated  hematocrit 
tubecontaining2cc.ofl.6percent  sodium  oxalate  solution.  The  tube 
is  inverted  twice  to  insiue  thorough  mixing.  Following  this  two  10 
cc.  samples  of  blood  are  withdrawn  and  emptied  into  two  vaselined  test 
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tubes.  This  provides  serum  for  the  standard  dye  mixture.  To  deter- 
mine the  rapidity  of  disappearance  of  the  dye  from  the  blood  stream, 
samples  are  taken  in  vaselined  test  tubes  after  the  injection  of  the  dye 
at  the  following  intervals  and  in  the  amoimts  indicated:  after  2,  6, 10, 
25  minutes,  one  10  cc.  sample;  after  4,  15  and  40  minutes,  two  10  ce. 
samples.  After  stoppering,  the  tubes  are  centrifuged  at  2500  revolu- 
tions per  minute  for  30  minutes.  .  The  hematocrit  readings  (total 
volume  minus  2  cc.  oxalate,  total  cell  volume  and  volume  of  red  cells) 
are  recorded.  The  normal  serum  for  the  standard  is  pipetted  off  into 
a  clean  dry  test  tube.  The  dyed  serum  samples  are  also  pipetted  off 
into  a  series  of  clean,  dry  tubes. 

Standard:  One-half  cubic  centimeter  of  the  1  per  cent  dye  solution 
(5  mgm.  dye)  is  made  up  to  100  ce.  with  distilled  water  in  a  volumetric 
flask. 

Five  cubic  centimeters  of  the  above  dye  standard  are  diluted  with 
5  cc.  nonnal  serum  and  5  cc.  0.9  per  cent  salt  solution  (dilution  1  in  3). 
This  standard  reads  100  per  cent. 

Dilviion:  Tubes — Dyed  plasma  mixed  with  0.9  per  cent  salt  solution 
in  the  proportion  2  cc.  to  4  cc.  respectively  (dilution  1  in  3). 

Colorimetric  determinations:  Elach  of  the  samples  of  the  diluted  dyed 
serum  placed  successively  in  a,  colorimeter  is  compared  with  the  standard 
in  the  wedge  of  the  colorimeter  and  the  avenge  of  five  readings  is 
recorded  as  the  color  per  cent  of  the  sample. 

Compuiation  of  residts:  From  the  hematocrit  readings  per  cent  plasma 
and  red  cells  may  be  easily  obtained.  It  will  be  recalled  that  each 
40  cc.  of  the  standard  contains  2  mgm.  of  the  dye. 

_,  ,,  ,  Weight  in  Kilograms  X  40     w  ,„„ 

Plasma  Volume  m  cc.  =  ^^ ^— ■ — —  X  100 

Average  Colorimetnc  Reading 

„,,-.,         .  Plasma  Volume   _  ,^ 

Blood  Volume  m   cc.  =  X  100 

Plasma  Per  Cent 

Determinaiion  of  amount  of  dye  in  the  urine:  The  dog  is  catheterized 
and  the  bladder  washed  out  with  about  20  cc.  of  warm  water  at  the 
beginning  of  the  experiment.  Collection  of  urine  by  catheter  is  made 
one  hour  after  injection  of  the  dye  and  at  hourly  intervals  there- 
after until  the  amount  of  dye  present  is  too  small  for  colorimetric 
determination. 

Total  amount  of  urine  plus  washings  from  each  collection  is  measured, 
neutralized  and  made  up  to  a  volume  with  sufficient  water  to  give  a 
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color  Blightly  less  intense  than  the  standard  dye  solution  with  which  a 
filtered  sample  is  compared.  The  volume  may  be  100  cc.  or  some 
multiple  of  100. 

Standard:  One-half  cubic  centimeter  of  a  1  per  cent  solution  of  the 
-dye,  made  up  to  100  cc.  volume  with  distilled  water  or  with  diluted 
neutral  urine  when  specimens  are  not  the  same  color  as  the  standard 
aqueous  solution.  This  standard  contains  10  mgm.  of  dye  per  cubic 
centimeter.  Whenever  the  first  hour  sample  of  urine  apparently 
contains  no  dye,  or  only  a  trace,  a  portion  is  made  acid  and  another 
iilkaline  to  make  sure  that  the  dye  is  not  present  in  some  colorless  form 
or  compound  easily  dissociated  by  acid  or  alkali. 

Dogs:  For  the  major  part  of  the  work  six  normal  male  dogs  were 
selected  ranging  in  weight  from  45  to  63  pounds.  They  were  used  in 
sequence  each  day  so  that  each  dog  was  used  but  once  a  week.  This 
arrangement  gives  time  for  the  dye  to  leave  the  plasma  between  deter- 
minations and  also  prevents  the  develoinnent  of  anemia  from  too 
frequent  hemorrhage,  as  each  experiment  neceaaitates  the  withdrawal  of 
130  cc.  of  blood.  The  dogs  are  always  fed  aft«r  the  experiment.  This 
insures  an  absence  of  lipemia  which  may  be  a  disturbing  factor. 

Controls  for  the  method:  For  each  dye  duplicate  experiments  have  been 
made  on  different  doga  and  Tvith  many  of  the  dyea  three  to  aix  deter- 
minations were  made.  Small  dogs  were  used  in  addition  to  the  large 
ones  giving  results  which  arc  consistent  with  those  obtained  for  the 
standard  dogs.  Duplicate  teats  have  been  made  with  certain  dyea  on 
the  same  dog  with  essentially  identical  reaulta. 

Duplicating  the  blood  samples  for  the  4,  15  and  40  minute  periods 
gives  control  for  the  technique  employed  including  the  colorimetric 
readings.  As  a  rule  both  tubes  taken  at  the  ^ame  time  interval 
gave  identical  reading,  the  exception  being  a  variation  of  not  more 
than  2  per  cent.  To  obviate  the  personal  factor  in  making  colori- 
metric readings,  all  determinations  were  made  by  the  aame  observer 
throughout  this  series  of  experiments. 

Often  the  samples  and  standard  have  been  kept  in  the  ice-box  for  a 
second  colorimetric  comparison  on  the  following  day.  These  late 
readings  were  practically  identical  with  those  of  the  freshly  prepared 
specimens.  All  recorded  observations,  however,  were  made  on  the 
same  day  of  the  experiment. 

Ei^perijnents  using  large  amounts  of  dyes:  By  injecting  20  mgm.  per 
kilogram  of  body  weight,  curves  showing  the  rate  of  disappearance  of 
dyee  from  the  plasma  have  been  worked  out  for  brilliant  vital  red 
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(new);T-1824;T-1835  (alkaline) ;  trypan  blue  (dyes  slowly  removed  from 
the  blood  stream) ;  phenolsulphonephtbalein;  pheDoltetrachlorphthalein; 
crystal  S.  scarlet  and  Buffalo  fast  crimson  (dyes  rapidly  removed  from 
the  blood  stream).     (Refer  to  table  11.) 

The  measured  amount  of  dye  (20  ni^m.  per  kilo  body  weight)  is 
slowly  injected  and  two  10  cc.  samples  of  blood  withdrawn  at  4  fuid  40 
minutes  after  injection  and  one  10  cc.  sample  1,  2,  3,  4,  6,  8  and  12 
hours  after  injection  if  the  dye  still  persists  in  the  plasma.  After  12 
hours,  samples  are  taken  on  successive  days  at  approximately  the  same 
hour  until  the  amount  of  dye  in  the  plasma  is  too  small  for  satisfactory 
colorimetric  determination.  Dilution  of  the  plasma  is  necessary  for 
the  first  specimens  which  are  all  read  against  the  usual  standard  prepared 
as  described  above. 

In  the  following  list  of  dye  substances  three  main  groups  are  made 
as  follows: 

Group  I.  Dyes  behaving  in  the  blood  stream  like  brilliant  vital  red 
(blood  volume  group). 

Group  II.  Dyes  which  show  rapid  disappearance  from  the  blood 
plasma  and  are  excreted  in  large  measure  by  the  kidneys.  (Type  of 
phenolsulphonephthalein) . 

Group  III.  Dyes  rapidly  lost  from  the  plasma  yet  not  excreted  by 
the  kidneys.  Certain  dyes  of  this  group  show  a  substantial  trace  in 
the  urine.    (Intermediate  group.) 


Oroupl.  Blood  volume  group 

Ihtttiftim  Citmiiat  aHutiuaim 

Brilliant  vital  red Orthotolidin   +  1  mol.  0  naphthylamine  3.6 

disulphonic  acid  and  1  mol.  0  naphthylamine 
6  monoBulphonic  acid. 

Vital  new  red  (EandS) A  tetraEO  dye  belonging  to  a  group  made  by 

CombiDin^  urea  derivatives  with  amido  naph- 
tholfi,  naphthols  and  naphtbylamineB. 

Vital  new  orange  (Eand  S) A  tetraao  dye  belonging  to  agroupmade  by  com- 
bining urea  derivatives  with  amido  naphthoU, 
naphthols  and  naphthylamines. 

No,  176 Tetraw)  dye  formed  by  combining  para  para  di- 

amido  diphenyl  ureas  with  various  naphthols, 
amido  naphthols  and  naphthylamines. 

Trypan  red Benzidine  monosulphooic  acid  combined  with  2 

mol.  $  naphthylamiiM  3.6  disulphonic  acid. 
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Diftnil  grftoat  B Beniidine    oombined    with  1  mol.    2   amido-8 

napbtbol  6  monosulphonic  acid  and  1  mol. 
P  naphtbyJamine  3.6  disulpbonic  acid. 

No.  86 Benidino  combined  with  1  mol.  )S  naphthyla- 

mine  3.6  diEuIphonio  acid  and  1  mol.  $  nap':- 
thylamine  6  monosulphonic  aoid. 

Columbia  blue  R Bensidine  combined  with  1  mol.  a  naphthol  3.8 

disulphonio  acid  and  I  mol.  l.S  amido  naph- 
thol 4  disulphonio  acid. 

No.  276 Bensidine  combined  with  1  mol.  H  acid  and  1 

mol.  2.8  ethyl  amido  naphthol  6  moniMul' 
phonic  acid. 

Direkt  himmelbau  gruealich Diauimdine    oombined  with  2  mol.   1.8   nmido 

naphthol  2.5  disulphonic  acid. 

C  hicago  blue  4B Dianisidine  combined  with  1  mol.  1.8  amido 

naphthol  2.4  disulphonic  acid  and  1  mol.  1.8 
amido  naphthol  4  monosulphonic  acid. 

C  hioago  blue  6B Dianisidine  oombined  with  2  mol.    1,8  amido 

naphthol  2.4  disulphonic  acid. 

No.  2826  B Dianisidine  combined  with  1.8  amido  naphthol 

2.4  disulphonic  acid. 

Hoechst  No.  9- Ortho  tolidin  combined  with  2  mol.  ;8  naph- 

thylamine  6  monosulphonic  acid. 

No.  204 Ortho  tolidin  combined  with  1  mol.  B  napb- 

thylamine  and  1  mol.  0  naphthylamine  6 
monosulphonic  acid. 

T-148 Ortho  tolidin  +  2  mol.  a  naphthykmine  4.8 

disulphonic  acid. 

0-Tolidin  +  1  NH,  (4.8) Ortho  tolidin  +  2  mol.  a  naphthylamine  4.8 

disulphonic  acid. 

Brilliant  purpurine  R Ortho  tolidin  combined  with  1  mol,  a  naph- 
thylamine 4  monosulphonic  acid  and  I  mol. 
P  naphthylamine  3.6  disulphonic  acid, 

T  +  2  mol.  1  naph.  3.6  disulf Ortho  tolidin  +  2  mol.  a  naphthylamine  3.6 

disulphonic  acid. 

T  +  2  mol.  ^  naph.  S.7  disulf Ortho  tolidin  -|-  2  mol.  p  naphthylamine  5.7 

disulphonic  acid. 

T-I824 Ortho  tolidin  combined  with  2  mot.  1.8  amido 

2.4  disulphonic  acid. 

No.  2826  A Ortho  tolidin  combined  with  2  mol.  1,8  amido 

2.4  disulphonic  acid, 

2  mol.  1824  —  1  mol,  O-tolii^in. ,  , Ortho  tolidin  combined  with  2  mol.  1,8  amido 
naphthol  2.4  disulphonic  acid. 

Dianil  blue2  R, Ortho  tolidin  combined  with  1  mol.  chroma- 
trope  acid  and  1  mol.  a  napbtbol  4  mono- 
sulphonic acid. 

T  +  1835  (alkaline) — Ortho  tolidin  combined  with  2  mol.  1.8  amido 

naphthol  3.5  disulphonic  acid  in  alkaline 
solution. 
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T  +  2tnol.  1846 Ortbo  tolidia  combined  with  2  mol.  1.8  ftmido 

nftphthol  4.6  diaulphonio  aoid. 

ColumbiA  blue  G Ortho  tolidin  combined  with  1  mol.  a  naphthol 

3.6  disulphonic  acid  and  1  mol.  I.S  amido 
naphthol  4  monoaulphouio  acid. 

Wuserblftu Sulphonic  acid  of  triphenyl  pan  rosaniline. 

Indaurun  B.  B Dianisidine  combined  with  1  mol.  1.7  dioxy-Z 

naphtholio  acid-4  sulphonic  acid  and  1  moL 
0  naphthol  3.6  dieulphonic  acid. 

No.  173 Tetraio  dye  formed  by  combining  para  pan 

diamido  diphenyl  ureae  with  various  naph- 
thols,  amido  naphthols  and  uaphthylaminei. 

Oraup  II.    Renal  excretion  group 

PhenoLaulphonephthalein 

Buffalo  fast  crimson Mono  aso  dye  formed  by  linkage  of  acetyl  ff 

phenylendiamine  combined  with  a  naphthol 

3.6  disulphonic  acid. 
Crystals,  scarlet Monoazo  dye  formed  by  combioiog  a  naphthyl* 

amine  with  p  naphthol  6.S  disulphonic  acid. 
Tolan  nd Mono  aso  dye  formed  by  combining  aniline  witii 

1.8  amido  naphthol  4.6  disulphonic  acid. 
No.  226 Bensidine  disulphonic  acid  with    2  mol.   1.8 

amido  naphthol  4.6  disulphonic  acid. 
No.  227 Beniidine  disulphonic   acid  with  2  mol.  2.S 

amido  naphthol  6  monosulphoaic  acid. 
No.  228 Beniidine  disulphonic  acid  with  2  mol.  2.6 

naphthol  7  monosulphonic  acid. 
T-1836 Ortho  tolidin  combined  with  2  mol.  1.8  amido 

3.6  disulphonic  acid  (probably  in  acid  solu- 

No.  225 Benzidine  meta  disulphonic  acid  +  2  mol.  H 

acid. 
No.  106 Beniidine  combined  with  2  mol.  chromatrope 

acid. 
L.  T.  207 Ortho  tolidin  disulphonic  acid  combined  with  2 

mol.  amido  naphthol  3.6  disulphonic  acid. 
T.  diaulfosauTe  +  H  acid Ortho  tolidin  disulphonic  acid  combined  with  2 

mol.  amido  naphthol  3.6  disulphonic  acid. 
Aliiarin  green  S A  mixture  of  tri  and  tetra  oxy  anthraquinone 

quinolines  and  their  sulphonic  aoid  deriva- 

No.  166 Para  para  diamido  stilbene  combined  with  2 

mol.  H  acid. 
Indigo  dieulfosaure Indigo  disulphonic  acid. 
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Group  III.    Intermediate  group 

New  Bord«(tux  L Bensidine  combmed  wiUk  2  mol.  $  naphthol  S 

monoBulphonic  acid. 

Bftumwoll  rubin BenBidine  combined  with  1  mol.  a  naphthyU- 

mine  4  monosulphonio  acid  and  1  mol.  S  naph- 
thol 8  monosul phonic  acid. 

Naphthamine  black  C  C Bentidine  combined  with  1  mol.  of  2.8  amido 

naphthol  6  monosulphonic  acid  and  1  mol. 

Naphthamine  black  R.  E Ben  sidine  combined  withl  mol.  2  amido  8  naph- 
thol 6  monosulphonio  acid  +  1  mol.  of  the  K 

Trisulf on  violet Beniidine  combined  with  1  mol.  S  naphthol 

and  1  mol.  a  naphthol  3.6.8.  triaulphonic  acid. 

No.  114 Benzidine  combined  with  1  mol.  H  acid  and  1 

mol.  a  naphthol  4  monosulphonic  acid. 

No.  316 Benzidine  combined  with  1  mol.  H  acid  and  1 

mol.  2.8  ethyl  amido  naphthol  ft  monosul- 
phonic acid. 

No.  221  Dianisidine    combined   with    1    mol.    Neville- 

Winther  acid  and  1  mol.  1.7  dioKy  2  naphthoe 
4  sulphonic  acid. 

No  295 Dianisidine  combined  with  1  mol.  a  naphthol  4 

monosulphonic  acid  and  1  mol.  1.7  dioxy  2 
naphthoe  4  disulphonic  acid. 

No.  481  Mulheimbluell.  .Ortho  tolidin  combined  with  2  mol.  chromo- 

trope  acid. 

LichtgrOn  S.  F Triphenyl  methane  dye.    Chlor  methylate  of 

hexa  methyl  para  rosaniline  chloride. 

Trypan  blue Beniidine  dye:  Ortho  tolidin  combined  with  2 

mol.  1.8  amido  naphthol  3.0  disulphonic  acid. 

Congo  blue  (X  pure)  Ortho  tolidin  combined  with  1  mol.  a  naphthol 

4  monoaulphonic  acid  and  1  mol.  H  acid. 

No.  222 Dianisidine  combined  nith  1  mol.  H  acid  and 

1  mol.  1.7  dioxy  2  naphthoeic  acid  4  aul- 
phonic  acid. 

No  181 TetraEO  dye  formed  by  combining  para  para 

diamido  diphenyl  ureas  with  various  naph- 
thole,  amido  naphthols  and  naph  thy  lamines. 

No.  230 Benzidine  disulphonic  acid  combined  with  2 

mol.  0  n^htiiylamine  7  monosulphonic  acid. 

No.  240 Tetraco  dye  formed  by  combining  para  para 

diamido  diphenyl  ureas  with  various  naph- 
thols, amido  naphthols  and  naphthylamines. 
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BXPSaiUENTAL   0BBBBVATI0N8 

It  will  be  seen  from  table  1  tbat  the  different  vital  red  dyes  show  con- 
siderable differences  in  the  color  intensities  of  the  standard  1  per  cent 
solution.  Whether  this  may  be  due  in  part  to  inert  salts  present  in  the 
dye  powder  is  not  determined.  It  will  be  seen  that  the  dyes  may  differ 
slightly  in  their  physiological  reaction  in  the  plasma  (table  3).  For 
example,  brilliant  vital  red  II  leaves  the  circulation  with  slightly 
greater  speed  than  some  of  the  other  vital  red  dyes. 

TABLE  1 

Compariton  of  rittd  red  dyet 


Brilliant  vital  red  (new) 

Brilliant  vital  red  (old) 

Brilliant  viUl  red  II 

Original  Rowntree  dye 
Rowntree  II  no.  273 


Ortho  tolidin  combined  with  one  molecule 
0  naphthylamine  3.6disalphonic  acid  and 
one  molecule  p  nftpbthylamine  6  mono- 
BUlphonic  acid 

Ortho  tolidin  combined  with  one  molecule 
AnarphtbylamineS.Bdiaulphonicacidand 
one  molecule  0  naphthylamine  6  mono- 
Bulphonic  acid 

Ortho  tolidin  combined  with  one  molecule 
j9  napbthylamine  3.6  dieulphonic  acid  &nd 
one  molecule  0  naphtbylamine  6  mono- 
sulpbonic  &cid 

Diamino  diicylyl  metbane  combined  with 
two  molecules  0  nsphtfaol  3.S  disulpbonie 
acid 

Dicblot  benzidine  combined  with  2  mole- 
culee  fi  naphtfaylamine  3.6  disulpbonic 


Standardization  of  the  six  large  dogs  by  means  of  these  vital  red  dyes 
is  detailed  in  table  2.  It  will  be  noted  that  these  standard  observations 
were  made  at  intervals  during  the  period  in  which  these  dogs  were  used  to 
gtandardize  the  other  dyes  as  indicated  in  other  tables  to  follow.  Table 
2  may  be  used  as  a  reference  table  to  show  the  average  blood  volume 
figures  aa  well  as  maximal  and  minimal  readings  for  blood  volume  in 
individual  dogs  as  determined  by  the  vital  red  dye  group.  These  same 
standardized  dogs  are  used  throughout  the  entire  series  of  observations 
tabulated  below.  It  is  interesting  to  note  the  average  figure  for  blood 
per  kilo  equals  93  and  averse  cell  hematocrit  equals  50.4  per  cent.     It 
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may  be  stated  a^^ain  that  theae  dogs  were  all  strong,  wetl-nourished, 
rather  inactive  adult  males. 

The  speed  with  which  these  vital  red  dyes  are  removed  from  the 
circulating  plaama  can  be  estimated  from  the  color  readings  given  in 
table  3.  During  a  period  of  40  minutes  on  the  average  the  color  read- 
ings fall  13  per  cent— that  is,  from  an  average  reading  of  90  color  per 
cent  to  an  average  of  77  color  per  cent.     There  is  good  evidence  that 

TABLES 

Blood  voluTne  tUUrminaiiom  mitk  vital  red  dyet 


11/18 
n/26 

2/27 
12/15 
J2/30 
U/22 
11/29 
2/25 
11/21 
11/30 
12/28 
11/23 
4/29 
5/6 
4/30 
3/4 
1/22 
2/11 
3/31 


Brilliant  vital  red  (new) . . 
Brilliant  vital  red  (old) . . . 

Brilliant  vital  red  II 

Original  Bowntree  dye 

Brilliuit  vital  red  (new) . . 
Brilliant  vital  red  (old)  . . 

Original  Rownttee  dye 

Original  Rownttee  dye 

Brilliant  vital  red  (new). . 
Brilliant  vital  red  (old)... 
Original  Rowntree  Ay9 .... 
Brilliant  vital  red  (new) . . 

Brilliant  vital  red  II 

Brilliant  vital  red  (new) . . 

Brilliant  vital  red  11 

Brilliant  vital  red  (new). . 

Brilliant  vital  i«d  II 

Rowntree  II  no.  273 

Rowntree  II  no.  273 


16-178 
16-178 
16-178 
16-178 
18-60 
18-60 
18-60 
18-60 
19-63 


19-70 
19-70 
17-154 
17-154 
19-71 
19-71 
19-71 
19-71 


1.90  47. 
L  60  50.0 
1.90  53.6 

1.00  50.2 
L. 30  52.8 


1.60  54.8 
1.50  51.4 
1,50  51.7 


Average 24.4  50.448.6 


93 


the  dye  is  thoroughly  mixed  with  the  circulating  blood  at  the  end  of 
2  minutes  as  these  readings  are  so  constant  when  compared  with  the 
4-4ninute  samples  which  average  I  color  per  cent  less.  All  the  blood 
volume  determinations  are  figured  from  the  4-minute  reading  which  is 
arbitrarily  taken  as  the  optimum  figure. 

The  data  on  color  concentration  in  blood  plasma  at  varying  time 
intervals  are  presented  in  table  3  but  the  same  data  are  given  in  different 
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form  in  table  4  to  show  the  loss  in  color  per  cent  reading  during  tbe 
time  intervals  as  tabulated.  There  is  practically  always  a  slight  fall 
in  color  readings  in  the  interval  between  the  2-  and  4r-minute  samples 
(table  4 — first  column,  2  to  4) — average  1.4  color  per  cent.  The  same 
fall  is  noted  in  the  interval  between  the  4-  and  6-minute  samples — 
average  1.2  color  per  cent.     The  loss  of  dye  from  the  plasma  is  less 


Decrease  in  color  concentration  of  plasma 

min 

utes  o 

fl«r  injection 

DTI  (DmOHATIOH) 

^ 

i 

I' 

|l 

I' 

ill 

Brilliant  vita]  red  (new) .  . . 

BrUliant  vital  red(old) j 

Brilliant  vital  red  II 

18-60 
19-63 
16-178 
19-70 
17-164 
19-71 

18-60 
19-63 

16-178 
19-70 
17-154 
19-71 

18-60 
18-60 
19-63 

19-71 
19-71 

2 
2 
1 

1 
1 

1 

4 
3 

0 
1 
0 
2 

3 

1 
0 

0 
2 

0 
2 

1 
0 
1 
0 

7 
1 

1  ' 
2 
2 
1 

0 

1 
0 

1 

0 

4 
4 
0 
2 

1 

2 
3 

2 
2 
S 

2 

1 
2 
2 

2 

3 

3 
3 

I 

2 
2 

2 
2 

2 
4 
2 
4 
2 
2 

2 

2 

7 
8 

4 
7 

3 

1 
4 

2 
3 

1 
3 
2 
7 
1 
2 

4 

2 

5 
4 

4 
4 

4 
2 
3 

1 

6 
18 

11 
16 
10 
8 

20 
14 

18 
17 
18 
18 

12 

Rcwntree  11  no.  273 1 

12 

6 
13 

Averaffe 

1.4 

1.2 

2.1 

2.2 

3.3 

3.1 

rapid  as  we  approach  the  40-minute  period — for  example,  a  loss  of  3.1 
color  per  cent  during  15  minutes  preceding  the  40-minute  reading. 
During  the  first  10  minutes  after  the  dye  injection  there  is  an  average 
loss  in  color  per  cent  reading  of  1  per  cent  per  2-minute  intervals.  It 
will  be  noted  that  brilliant  vital  red  (old)  and  (II)  leave  the  blood 
stream  a  little  more  rapidly  on  the  average  than  do  the  other  dyes  in 
this  group.    A  part  of  this  difference  may  be  apparent  and  not  real. 
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These  two  dyes  are  paler  than  the  others  and  the  color  readings  therefore 
a  little  less  accurate.  The  differences,  however,  are  too  small  to  have 
much  significance. 

In  group  I-A  are  included  seven  dyes  which  compare  favorably  with 
the  vital  red  series  and  may  be  substituted  if  occasion  arises.  There 
are  five  blue  dyes  in  this  group  and  the  blue  color  in  itself  has  certain 
advantages  over  the  red  dye  colors.  Many  workers  caji  estimate  blue 
colors  more  accurately,  more  rapidly  and  with  less  fatigue  than  is  the 
case  with  red  colors.  Sl^ht  hemolysis  can  be  recognized  more  easily 
when  the  blue  dyes  are  used.  Even  a  trace  of  hemolysis  will  rarely 
confuse  one  who  is  thoroughly  familiar  with  the  blood  volume  work  no 
matter  what  dye  is  being  used. 

One  blue  dye  is  particularly  well  adapted  to  the  routine  blood  volume 
work  and  is  preferred  by  us  when  compared  with  the  vital  red  group. 
The  difference,  however,  is  not  great  but  for  many  workers  the  blue 
dye  has  advantages.  This  azo  dye  is  tested  in  table  5  in  seven  different 
experiments.  Three  different  samples  of  the  same  dye  are  used  (T-1824 
and  2-mot.  1824,  1  mol  0-tolidin  and  No.  2826  A)  and  tabulated  in 
the  first  three  groups  of  table  5.  It  will  be  noted  that  this  blue  dye  is 
slow  to  leave  the  circulating  blood  plasma,  if  anything  slightly  more  so 
than  the  vital  red  series. 

The  second  blue  dye  (T-1835  alkaline)  is  also  slow  to  leave  the  blood 
stream  during  the  observed  period  of  40  minutes  but  the  three  color 
readings  are  somewhat  lower  than  the  usual  average.  We  are  not 
prepared  to  explain  this  point  but  many  more  observations  must  be 
made  before  any  such  unusual  reaction  can  be  accepted. 


™*i.  RED      j        T-1824 

T-18JS 

90 

78 

« 
93 
84 

The  above  tabulation  shows  that  the  vital  red  figures  compare 
closely  with  the  blue  azo  dye  T-1824.  The  readings  of  T-1835  (alkalme) 
are  low  but  these  figures  represent  the  average  of  too  few  observations 
while  the  vital  red  figures  represent  a  great  many  experiments. 

It  will  be  seen  that  the  curve  of  dye  removal  from  the  blood  stream 
is  the  same  for  this  group  of  dyes  as  for  the  vital  red  group.  If  anything 
these  dyes  (group  1-A)  are  even  more  slowly  removed  from  the  blood 
stream,  particularly  the  blue  dyes. 
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The  two  red  dyes  (Hoechat  9  and  No.  173)  of  group  1-A  behave  very 
much  like  the  vital  red  group.  Too  few  observations  have  been  made 
to  determine  this  point  beyond  question. 

TABLES 

Deereaie  t'n  color  coneenlration  of  pltuma  /or  dye»  of  group  l-A. 
MintUtt  after  injection 


„. 

^ 

1 
^1 

g& 

i 
3 

i 

1 

l|l 
l"5 

18-60 
19-63 
17-154 

0 
0 
0 

0 

1 

2 

0 

1 

0 

4 
2 

7 
1 
2 

8 

7 

19^ 
19-71 

0 

1 

1 
1 

4 
2 

6 
3 

4 
3 

16 
12 

17-164 
16-178 

2 
2 

2 
2 

2 
1 

2 
0 

2 
1 

9 

17-164 
18-60 
19-63 

1 

I 
1 

0 

1 
1 

1 
2 
2 

2 
2 
3 

1 
1 
4 

7 
7 

12 

18-60 
19-71 

0 

0 
1 

2 
0 

1 

1 

3 

8 

Diwiilblue2R \ 

19-71 
19-70 

I 

1 
1 

1 
2 

6 
2 

6 
3 

14 

No  2826  B         .                    I 

19-70 
17-164 

1 
0 

1 
2 

2 

0 
0 

4 
0 

1 
2 

14 

HoeohHt9 1 

16-178 
19-70 

0 

0 
0 

2 
2 

3 
4 

7 
9 

4 
4 

16 
20 

No.m 1 

19-71 
18-60 

1 
1 

1 
2 

2 
1 

4 
1 

2 
3 

5 
6 

16 
13 

The  corresponding  blood  volumes  on  the  standardized  dogs  are 
figured  in  table  7  and  are  found  to  be  in  harmony  with  observations 
made  with  vital  red  dyes  in  table  2.  The  first  experiment  in  table 
7  gives  a  figure  of  70  cc.  per  kilo  for  the  blood  volume  which  is  open  to 
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criticiBm.  This  figure  is  very  low  as  compared  with  many  others  on 
this  same  dog  and  ia  much  below  the  avera^.  It  is  more  than  probable 
that  some  technical  error  crept  into  this  experiment — possibly  some  dye 
contaminating  a  container,  syrii^e  or  hypodermic  needle. 

Group  I-B  contains  many  dyes  which  are  fairly  satisfactory  in  many 
respects  when  used  for  blood  volume  determinations.  These  dyes  do 
not  leave  the  blood  stream  rapidly  and  in  only  one  or  two  instances 

TABLET 

Blood  volume  determination*  grcmp  I-A 


3 

-  S 

T 

* 

n 

T?^? 

DiM 

,B 

DOa 

g 

i 

i 

-el 

»■ 

S5 

cOFcms- 

1 

|S3 

1! 

1! 

l! 

M 

BntBTM 

ktm. 

"ti 

CtU 

«. 

«. 

1/15 

N0.2826A 

16-178 

27.5 

44.2 

54.8 

IW 

1058 

1930 

70 

0 

1/2 

Hoechst  No.  9 

16-178 

28.2 

«.l 

50.9 

87 

1296 

90 

16 

12/9 

T  +  1824 

18-60 

21.8 

90.2 

^.8 

78 

1120 

106 

8 

2/3 

T  +  1835  (alkaline) 

18-60 

21.5 

49.6 

49.6 

75 

1149 

2321 

lOT 

7 

1/7 

Chicago  e  B 

13-60 

21,3 

49.5 

50.0 

75 

1138 

106 

8 

6/30 

No.  173 

18-60 

23.4 

«.4 

50.1 

84 

1116 

95 

13 

12/7 

T  +  1824 

19-63 

22.4 

S2.6 

45.8 

83 

1079 

104 

9 

1/22 

2  mol.  1824  +  1  mol. 
O-toUdiB 

19-63 

22.4 

64.0 

45.0 

90 

995 

2211 

98 

16 

3/1 

T  +  1836  (alkaline) 

19-63 

23.7 

61.0 

18.0 

75 

1266 

2637 

111 

12 

2/5 

Dianil  blue  2  R 

19-70 

23.7 

46.1 

52.9 

91 

1014 

1973 

83 

11 

I/ll 

No.  2328  B 

19-70 

21.6 

43.7 

55.3 

96 

900 

1627 

96 

14 

1/4 

HoechBt  No.  9 

19-70 

20.2 

45.8 

63.2 

73 

1109 

2084 

102 

20 

3/3 

T+1824 

17-164 

27.7 

64.5 

44.5 

98 

1132 

2544 

92 

7 

1/10 

No.  2826  A 

17-164 

27,6 

54.6 

44.4 

102 

1078 

2428 

88 

9 

2/1 

T  +1836  (alkaline) 

17-154 

27.1 

60.5 

39.6 

89 

1195 

3026 

111 

7 

1/lfl 

No.  2826  B 

17-154 

26.7 

S2.5 

36.6 

1!0 

970 

2657 

99 

6 

6/2 

2  mol.  1824  +  1  mol. 
0-tolidin 

19-71 

26.0 

53.8 

45.7 

06 

10^ 

2280 

91 

12 

1/14 

Chicago  blue  6  B 

19-71 

22.fi 

55.6 

13.4 

97 

928 

2138 

96 

4 

2/4 

Dianil  blue  2  R 

19-71 

23.2 

55.2 

44,3 

83 

1118 

2623 

109 

14 

6/10 

No.  173 

19-71 

26.7 

57.2 

41,8 

97 

1050 

2633 

99 

15 

are  moderately  toxic.  As  a  group  the  colors  are  pale  and  correspon- 
dingly difficult  to  read-  A  pale  color  cannot  be  as  accurately  determined 
and  work  with  such  dyes  is  more  time  consuming.  It  should  be  stated, 
however,  that  trypan  red,  indazarun  B.  B.  and  no.  204  when  injected 
in  the  strength  of  4  mgm.  per  kilo  do  give  satisfactory  colors  for  routine 
work.  Used  in  this  strength  these  three  dyes  compare  favorably  with 
the  vital  red  group. 
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TABLES 
Bloc^  volume  delrrminaiiont,  group  I-B 


1 

"a 

t 

L 

Vi 

?;rs.",ii" 

DATE 

DTK 

"° 

I 

I 

j 

P^ 

P 

p 

coKcm- 

kf^ 

^ 

::. 

T 

~ 

10/14 

Vital  new  red 

16-178 

28,0 

45.5 

53.4 

104 

1077 

2016 

72 

21 

1/8 

Chicago  blue  4B 

16-178 

28.0 

48.8 

50.2 

104 

1077 

214S 

76 

16 

1/23 

No.  204 

16-178 

28.5 

45.6 

53.5 

98 

1163 

3173 

76 

22 

1/30 

Indaianin  B.B. 

16-178 

28.2 

50.9 

49.0 

97 

1163 

2373 

81 

11 

1/17 

Vit&t  new  red 

18-60 

21.2 

49.5 

50.0 

87 

977 

1940 

91 

8 

5/15 

No.  176 

18-60 

248 

16.3 

52.7 

91 

1090 

2068 

82 

10 

4/26 

No.  86 

18-flO 

24.5 

15,3 

53.7 

82 

1195 

2225 

90 

10 

3/5 

No.  204 

18-60 

22.1 

19.0 

50.6 

79 

1119 

2215 

100 

18 

3/22 

T--14S 

18-60 

23.0 

47.1 

51,9 

93 

989 

1905 

83 

8 

12/16 

T  +  2  mol.  S  naphth. 
5.7  disulph. 

18-60 

21,5 

50.2 

48.7 

85 

1011 

2076 

96 

13 

2/21 

Trypan  red 

19-63 

23.0 

50.3 

48.7 

73 

1263 

2593 

112 

12 

12/14 

Direkt  bimmel  blau 

gruenlich 

19-63 

23.0 

50.7 

47.9 

79 

1167 

2436 

105 

13 

1/13 

Chicago  blue  4  B 

19-63 

22.4 

56,8 

43.2 

87 

1030 

2384 

106 

8 

12/21 

T  +  2  mol.  1846 

19-63 

23.8 

^.5 

49.5 

72 

1326 

2676 

113 

8 

1/31 

ladazarun  B.B. 

19-63 

21.7 

54.1 

44.9 

77 

1114 

3481 

114 

14 

6/27 

No.  176 

19-70 

25.7 

57.0 

41.9 

114 

901 

2150 

83 

14 

2/19 

Trypan  red 

19-70 

23,6 

42.2 

56.8 

93 

1017 

1790 

76 

8 

12/24 

T+  2  mol.  1  naph. 
3.6  disulf. 

18  70 

21-3 

35.3 

S3. 7 

83 

1286 

19S5 

93 

23 

12/17 

T  +  2  mol.  1  naph. 
3.6  disulf. 

19  70 

.. 

14.8 

54.2 

92 

945 

1713 

80 

9 

No.  86 

17-154 

W.5 

53.2 

45.8 

96 

1157 

2526 

92 

7 

6/28 

No.  276 

17-154 

27.7 

58.6 

40.4 

99 

1122 

2777 

100 

21 

12/13 

Direkt  himmelblau 

gruenlicb 

17-lM 

27.7 

55.6 

43.4 

97 

1144 

2635 

91 

6 

12/20 

2  mol.  a  naph.  5.7  di- 
sulfosaure 

17-154 

27.7 

65.7 

43.7 

102 

1088 

2489 

89 

14 

4/16 

Wasserblau 

17-lM 

27.0 

53.2 

16.2 

85 

1165 

2502 

92 

8 

5/16 

No.  276 

19-71 

25.2 

52.2 

47,2 

90 

1122 

2377 

94 

18 

3/25 

T-148 

19-71 

26.0 

52.8 

46.7 

92 

1087 

2327 

93 

7 

12/18 

T  +  2  mol.  1848 

19-71 

23.6 

51.1 

48.3 

79 

1197 

2478 

104 

5 

4/15 

19-71 

25.3 

53.8 

46.7 

100 

1014 

2219 

87 

13 

Wasserblau  is  decolorized  by  the  blood  plasma  but  the  color  returns 
in  the  addition  of  2  drops  of  concentrated  hydrochloric  acid  to  blood 
lerum  tubes  and  standard.     BriDiant  purpurine  in  the  strength  of  4 
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mgm.  per  kilo  will  cause  hemolysis  in  the  circulating  blood,  and  some 
clinical  evidence  of  intoxication. 

Vital  new  red,  vital  new  orange,  direkt  himmelblsu  gruenlich  and 
T-148  persist  in  the  blood  stream  for  7  to  10  days  or  longer.  This  is 
an  objection  to  the  routine  use  of  these  four  dyes  and  may  introduce 
difficulties  when  a  series  of  observations  is  to  be  made  upon  the  same 


As  r^ards  the  dyes  in  group  I-B,  too  few  observations  have  been 
made  to  settle  fUl  points  of  interest  which  conc^n  blood  voliune  work. 
Some  single  observations  are  not  even  included  in  table  8  as  they  show 
nothing  unusual  and  the  dyes  gave  no  promise  of  being  useful  in  this 
work.  This  statement  applies  to  Columbia  blue  R,  O-tolidin-t-lNHi 
(4.8),  dianil  granat  B,  brilhant  purpurine  R,  Columbia  blue  G,  and 
some  others  listed  but  not  specifically  mentioned. 

TABLE « 
Dye»  of  group  I 


T."SpI5^"^ 

aOKCTUlIM^ 

Av«- 

Mioi- 

Mui- 

mum 

■ce 

Mlni- 

llui- 

■«■ 

muni 

lUxi- 

24.4 
50.4 

$9 

93 
13 

21.3 
43,2 
76 

74 

6 

28.45 
64.8 
99 

105 

20 

24.1 
51,8 
89 

92 
11 

21.3 
43.7 
73 

70 

6 

28.25 
62.6 
110 

111 

20 

24.7 
60.1 
00.3 

92 

12 

21.2 
36.3 
72 

72 

5 

Color  per  cent  (4-ininute 

sample) 
Blood  pet  kilogram  body 

weight 
Decrease  io  color  per  cent 

2-40  minuteB 

114 
114 
23 

Dyes  of  group  II 

This  group  includes  the  dyes  which  are  eliminated  more  or  less  com- 
pletely by  the  kidneys.  Phenolsulphonephthalein  is  a  dye  familiar 
to  everyone  and  we  record  in  table  10  familiar  data  concerning  renal 
excretion  of  this  dye.  The  amounts  injected  are  somewhat  larger 
than  the  usual  clinical  dose  but  the  per  cent  excretion  is  normal  for 
d(^.  The  rapid  disappearance  from  the  blood  stream  is  welt  shown. 
Much  of  the  phthalein  has  left  the  blood  by  the  end  of  2  minutes  and 
almost  all  of  it  by  the  end  of  the  next  4  minutes.  Phenoltetrachlor- 
phthalein  (1)  which  is  known -to  be  excreted  in  the  bile  is  taken  out  of 
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the  blood  under  similar  coDditions  with  even  greater  apeed.  There  is 
practically  complete  removal  of  this  dye  from  the  blood  serum  by  the 
end  of  2  minutes  following  its  injection.  Perhaps  the  relatively  greater 
size  of  the  liver  and  consequent  larger  minute  circulation  volume  as 
compared  with  the  kidneys  may  account  for  this  difference. 

Several  of  the  dyes  listed  in  table  11  (group  II)  are  rapidly  removed 
from  the  blood  stream  but  none  with  the  apeed  just  recorded  for  phebol- 
sulphonephthalein.  Buffalo  fast  crimson,  crystal  S.  scarlet,  tolan  red, 
T-1835  and  indigo  disulfosaure  are  dyes  which  show  minimal  color 
refidingB  in  the  plasma  6  minutes  after  the  dye  injection.  Probably  the 
dye  is  almost  completely  removed  within  a  period  of  15  minutes. 


Decrease 

PhenoUvlphonephihaUif 

• 

ma 

wnoBT 

'^ 

CKIT 

coLom 

■RID 

OTDTB 

IHDUHB 

kO^anm. 

p^ctmt 

tmn 

6/7 

16-178 

24.65 

26 

18 

62.8 

4 

6/8 

18-60 

24.6 

38 

27 

72.7 

4 

6/7 

19-63 

•    22.8 

28 

20 

60.6 

6 

12/10 

19-70 

21.3 

41 

28 

60.0 

2 

12/6 

17-154 

27.0 

50 

38 

70.3 

3 

5/8 

Ift-71 

26.5 

36 

23 

64.9 

4 

Avemae 

24.3 

36 

26 

65.2 

*  1.3  mgm.  per  kilo  bod]r  weight. 

Buffalo  fast  crimson  seems  to  be  more  like  phenolsulphonephthalein 
in  that  over  50  per  cent  of  the  dye  is  excreted  in  the  urine.  It  seems 
that  this  dye  should  be  more  carefully  studied  as  to  its  excretion  by 
the  kidney  in  health  and  disease.  The  other  dyes  show  wide  variations 
in  the  amount  recovered  from  the  urine  after  intravenous  injection. 
It  is  possible  that  conditions  present  in  the  kidney,  bladder  or  urine 
may  modify  the  yield  to  a  considerable  extent.  A  more  careful  study 
of  this  group  of  dyes  should  be  imdertaken  and  may  yield  information 
of  value  concerning  the  secretory  activity  of  normal  and  abnormal  cells 
as  cbncems  these  particular  dyes.  It  will  be  of  some  interest  to  deter- 
mine whether  the  same  or  different  Umitations  apply  to  all  these  dyes 
as  is  true  for  phenolsulphonephthalein. 
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The  other  dyes,  in  group  II  leave  the  blood  stream  less  rapidly  and 
in  [post  instances  a  readable  amount  of  dye  remains  at  the  ond  of  40 

TABLE  11 

Dyes  of  group  II 


»„. 

™ 

=00 

I 

II 

pit 

fi| 

1 

km. 

minula 

fHTcerU 

t»n 

12/12 

T  +  1835  (B  1841) 

16-178 

27.0 

48 

33 

6 

21.1 

4 

12/14 

L.  T.297 

16-178 

27.75 

78 

64 

40 

14.4 

3 

11/1 

Aliiarin  green 

16-178 

26.76 

61 

39 

45 

24.8 

8 

3/6 

No.  227 

16-178 

29.0 

66 

36 

40 

8.1 

6 

6/23 

Buffalo  faet  crimBon 

18-60 

25.0 

61 

36 

16 

63.0 

3 

11/13 

Crystal  b.  scarlet 

18-60 

22.3 

63 

44 

6 

20.6 

2 

V12 

18-60 

23.8 

«2 

20 

6 

63.4 

3 

12/23 

L.T.2B7 

18-60 

22.2 

77 

64 

40 

16.2 

4 

4/19 

No.  225 

18-60 

24.6 

65 

36 

40 

17.2 

4 

J/3 

No.  228 

18-60 

21.8 

73 

48 

40 

8.8 

4 

6/7 

CryBtal  a.  scarlet 

19-63 

23.6 

66 

30 

16 

5.3 

1 

4/4 

19-63 

23.5 

56 

36 

e 

22.3 

4 

1/8 

No.  lOS 

19-63 

23.2 

eg 

44 

40 

4.0 

2 

4/26 

No.  226 

19-63 

24.0 

66 

23 

40 

14.3 

4 

3/4 

No.  227 

19-63 

21.9 

65 

38 

40 

11.7 

6 

12/2 

T  -  disulfofl&ure  +  H. 
acid 

19-70 

20.3 

74 

47 

40 

6.6 

i 

1/2& 

No.  226 

19-70 

21.9 

72 

37 

40 

20.7 

6 

11/27 

T-1836 

17-lH 

27.1 

50 

37 

6 

15.4 

4 

1/3 

No.  106 

17-164 

27.2 

86 

60 

40 

18.2 

2 

1/26 

No.  228 

17-151 

28.9 

76 

66 

40 

6.2 

3 

12/3 

Bufiaio  fast  orimaon 

19-71 

22.9 

58 

28 

15 

61.1 

3 

1/7 

Tolan  red  4  B 

19-71 

23.3 

59 

31 

10 

29.2 

4 

12/31 

Tolan  red  4  B 

19-71 

23.3 

52 

30 

10 

29.6 

4 

3/21 

T  +  2  mol.   1.8  amido 

19-71 

26.0 

53 

28 

6 

7.6 

4 

12/11 

T  +  1836  (B.  1841) 

19-71 

23.3 

60 

36 

4 

13.7 

4 

U/26 

T+1836 

19-71 

24.3 

44 

32 

6 

7.2 

4 

11/16 

Aliiarin  green 

19-71 

23.4 

16.0 

1 

1/28 

No,  226 

19-71 

23.3 

73 

41 

40 

19.1 

6 

minutes.    One  ia  not  surprised  therefore  to  note  that  the  dye  elimination 
in  the  urine  ia  scanty  and  rarely  exceeds  15  to  20  per  cent. 
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Group  III-A 

Thia  group  contains  a  nimiber  of  dyea  which  exhibit  peculiar  reactions 
in  the  blood  stream  when  compared  with  the  dyes  in  group  I.  At 
present  we  have  insufficient  experimental  data  to  give  the  correct 
explanation  so  that  discussion  of  various  possibilities  will  be  brief. 

Two  dyes  (new  Bordeaux  L  and  lichtgriin  S.  F.)  leave  the  blood 
stream  with  considerable  rapidity  yet  do  not  appear  in  the  urine  (table 

TABLE  13 

Dyet  of  group  JIl-A 


COLO« 

u>w«r 

TIHK 

n*T» 

DTK 

oaa 

WBIUBT 

,iii. 

^£1 

colon  FEU 

tarn. 

iwtiml 

■HnttMt 

3/28 

New  Bordeaux  L 

16-178 

27.0 

62 

36 

10 

3/20 

B&umwoll  rabin 

16-178 

27.0 

86 

48 

40 

8/13 

NaphtliaminB  black  R.  E. 

16-178 

28.3 

77 

41 

40 

8/lft 

New  Bordeaux  L 

18-flO 

22.3 

70 

87 

10 

2A7 

Naphthamine  black  R.  E. 

18-60 

21.96 

56 

44 

40 

4/5 

No.  413  trieuUon  violet 

18-60 

24,6 

50 

40 

40 

4/11 

Liohtgrtln  S.  F, 

19^ 

24.0 

76 

43 

10 

4/18 

No.  114 

19-63 

24.0 

94 

66 

40 

fl/24 

No.  316 

19-63 

24.1 

68 

34 

40 

6/30 

No.  295 

19-63 

24.6 

75 

82 

40 

4/3 

Mulheim  blue 

19-70 

26.5 

99 

68 

40 

4/10 

No.  413  trisulton  violet 

19-70 

26.7 

55 

33 

40 

4/17 

No.  114 

19-70 

27,0 

100 

78 

40 

8/24 

Baumwol)  rubin 

17-154 

27.0 

87 

65 

40 

4/9 

17-154 

27.6 

110 

SS 

40 

2/15 

No.  221 

17-154 

27.5 

99 

70 

40 

3/10 

No.  316 

17-154 

27.0 

72 

38 

40 

6/9 

No.  295 

17-164 

27.5 

95 

71 

40 

4/8 

LiohtgrOn  S.  F. 

19-71 

25.25 

79 

39 

10 

3/ 

No.  221 

19-7! 

24,0 

94 

55 

25 

2/17 

NsphthBrniue  black  R,  E. 

19  71 

24.0 

82 

64 

40 

12).  We  have  not  been  able  to  test  for  elimination  in  the  bile  so  this 
cannot  be  excluded.  Lichtgriin  S.  F.  was  decolorized  in  the  blood 
plasma.  Two  drops  of  acetic  acid  brought  back  the  color  but  hydro- 
chloric acid  did  not  develop  the  color  (compare  wasserblau).  New 
Bordeaux  L.  was  tested  in  vilro  against  normal  serum  which  did  not 
influence  the  dye  even  after  three  days'  incubation  at  38°C.  It  is 
possible,  of  course,  that  the  endothelial  cells  of  the  living  body  are 
concerned  in  this  reaction. 
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Other  dyes  in  table  12  show  occasionally  a  figure  for  the  40'minute 
period  indicating  a  slow  removal  but  a  low  initial  reading.  This,  how- 
ever, is  not  constant  and  the  low  initial  reading  is  perhaps  an  accident 
due  to  unknown  factors.  There  is  a  possibility  of  dye  removal  by  the 
prooeas  of  coagulation — that  is,  the  dye  may  be  carried  out  of  solution 
by  the  clot.  Unfortunately  this  point  has  not  been  controlled  in  this 
group  as  has  been  done  in  the  vital  red  group.  When  these  experi- 
ments were  begun  this  possibility  was  not  considered  and  oxalate 
plasma  was  not  used  in  place  of  coagulated  senim.  In  view  of  the  irreg- 
ular figures  noted  in  table  12  for  the  sanfe  dye  we  must  consider  this 
possibility  mitil  it  is  disproved. 

TABLE  It 


Deereaie  in  color  eoncentraiion 

of  plaama. 

Group 

III-B 

MinultB  after  injection 

1 

1 

1 

1 

1 

1 

lUTB 

DTI 

DOO 

il 

!' 

5" 

i' 

i' 

1' 

2/6 

Congo  blue  B 

16-178 

2 

0 

3 

13 

5 

25 

2/20 

No.  230 

16-178 

1 

3 

3 

0 

6 

28 

3/11 

No.  230 

18-60 

4 

3 

3 

4 

6 

24 

6/25 

No.  181 

18-60 

2 

4 

5 

5 

13 

32 

5/3 

Trypan  blue 

19-63 

3 

3 

3 

3 

6 

24 

2/7 

Congo  blue  B 

19-63 

1 

3 

2 

6 

6 

19 

5/14 

No.  246 

19-63 

4 

3 

6 

6 

5 

29 

5/12 

No.  181 

lft-70 

0 

8 

4 

20 

6 

41 

2/2a 

Trypan  blue 

19-71 

0 

1 

2 

3 

4 

12 

22 

fl/24 

No.  246 

19-71 

1 

3 

5 

8 

8 

5 

30 

The  dyee  given  in  table  13  all  give  a  rather  low  initial  reading  as  well 
aa  &  pretty  rapid  removal  during  the  40-minute  period.  It  is  possible 
at  least  that  the  endothelial  cells  are  concerned  in  a  part  of  this  reaction. 
It  should  be  noted  that  the  urine  usually  shows  a  definite  trace  of  dye 
but  not  enough  for  a  colorimetric  reading.  Three  dyes  not  tabulated 
have  been  tested  (no.  222,  Hoechst  no.  229  and  no.  258).  All  these 
dyes  give  colors  in  the  blood  serum  which  are  too  pale  to  be  accurately 
estimated. 

When  large  amounts  of  dye  are  injected  into  the  blood  stream  (10  to  20 
times  the  routine  amount)  the  reaction  is  sli^tly  different  but  the  dyes 
of  group  I  give  constant  figures  (table  14).  The  vital  red  dyee  are 
removed  from  the  blood  with  somewhat  more  speed  than  the  blue 
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dyee  (T-1824  and  T-1835,  alkallDe).  Traces  of  the  dye  remain  in  the 
serum  for  days  after  the  reading  cannot  be  accurately  determined ;  for 
example,  after  the  injection  of  brilliant  vital  red  II  (table  14)  the  serum 
showed  a  distinct  pink  color  on  the  17th  day  after  injection.  Also  a 
trace  of  this  dye  was  excreted  in  the  urine  but  the  amount  was  too  small 
for  colorimetric  reading.  Following  the  large  dose  of  brilliant  vital 
red  (new)  the  skin,  mucous  membranes  and  eye-lids  became  pink, 

TABLE  u 
Decreate  in  color  eoneeniration  teilh  large  dosage  of  ctrtmn  dyef. 


AH  'readingt 

n  per  cent 

19-117 

lO-TO 

(20.IS  poUDda) 

(U.6  pound!) 

<S2.B  pound*) 

{42.B  pound*) 

(UpODDd*) 

BriUiunt  -rittl 
r«III 

BrUlitDt  vital 

r«l(Dew) 

T-i8S4 

T-1B3S  (mika- 

Trypan  M» 

4min. 

71 

70 

72 

71 

40iiiiii. 

63 

61 

67 

67 

eOrnin. 

61 

58 

66 

62 

2hn. 

56 

50 

60 

65 

49 

4hTs. 

41 

38 

50 

63 

33 

6hn. 

38 

45 

49 

24 

Shrs. 

36 

26.6 

40 

44 

20 

12hrs. 

30 

19.3 

20 

15 

2addAy 

17.3 

.  10.0 

22 

30.3 

10 

3rd  day 

11.0 

4.4 

12 

16.0 

7.6 

4th  day 

6.3 

2.1 

10.2 

12.0 

5.6 

6th  day 

2.0 

1.4 

8.2 

9.0 

4.6 

«th  day 

1.2 

5.0 

6.3 

3.2 

7th  day 

4.0 

8th  day 

2.8 

9th  day 

1.6 

3.8 

10th  day 

1.2 

which  color  lasted  only  a  few  minutes.  Months  after  injections  of 
these  vital  red  dyes  we  find  traces  of  the  dye  in  the  mesenteric  and  other 
Isrmph  glands  which  are  stained  a  delicate  pink. 

The  curve  of  dye  elimination  is  incomplete  for  trypan  blue  because 
the  large  amount  used  {40  mgm.  per  kilo)  was  responsible  for  consid- 
erable hemolysis  which  obscured  the  readings  for  the  first  two  hours. 
It  is  interesting  to  note  the  loi^  period  (10  days  +)  during  which  the 
dye  is  present  in  the  blood  serum. 
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Several  dyes  of  group  II  were  tested  in  the  same  way  by  the  use  of 
tea  times  the  routine  dose.  In  these  experiments  the  rapid  elimination 
of  the  dye  from  the  blood  is  very  striking. 

Phenolsulphonephthslein  (20  mgm.  per  kilo)  shows  a  ^^ninute  blood 
serum  reading  19  per  cent  and  a  fall  to  4  per  cent  at  the  end  of  40 
minutes.  Only  54  per  cent  of  the  dye  was  recovered  in  the  urine 
during  24  hours  and  most  of  this  during  the  first  hour  (dog  18-60). 
This  same  animal  with  a  routine  injection  gave  72  per  cent  elimination 
in  the  urine. 

Fhenoltetrachlorphthalein  (20  mgm.  per  kilo)  shows  a  4-4ninute 
blood  serum  reading  of  7  per  cent  and  a  fall  to  1.4  per  cent  at  the  end 
of  40  minutes.  With  smaller  amounts  of  dye  there  is  scarcely  a  trace 
of  dye  in  the  serum  at  the  end  of  4  minutes.  With  the  large  doee  there 
was  noted  a  mere  trace  of  dye  in  the  urine. 

Buffalo  fast  crimson  (20  mgm.  per  kilo)  gives  a  higher  color  per  cent 
for  the  44Qinute  blood  serum  sample  (35  per  cent)  but  complete  removal 
at  the  end  of  40  minutes.  After  the  large  doae  the  urine  contained  27 
per  cent  of  the  dye  but  after  2  mgm.  per  kilo  dye  mjeotion  we  note  a 
dye  elimination  in  the  urine  of  51  to  53  per  cent. 

Crystal  S.  scarlet  (20  mgm.  per  kilo)  gives  a  higher  blood  serum 
4-minute  reading  (39  per  cent)  but  also  complete  removal  in  40  minutes. 
The  urine  contained  only  7  per  cent  of  the  dye  which  was  excreted  ahnost 
completely  during  the  first  hour. 

DISCISSION 

A  summary  of  all  dyes  of  group  I  appears  in  table  9.  It  is  readily 
seen  that  there  is  a  remarkable  average  for  this  group  of  standardized 
dogs  tested  by  various  groups  of  dyes.  All  groups  give  the  same 
average  figure  of  blood  volume  per  kilo  body  weight  as  92  to  93  cc.  The 
speed  of  disappearance  of  dye  from  the  blood  stream  is  constant  in  the 
average  for  40  minutes  and  reads  11  to  13  color  per  cent.  This  is  really 
a  striking  uniformity  in  results  and  for  this  reason  these  figiu^s  cannot 
be  put  aside  by  any  quibble  about  the  action  of  colloids  in  the  blood 
stream,  adsorption  phenomena,  etc. 

.  The  outstanding  fact  reinains  as  follows:  Any  one  of  a  laige  series  of 
dyes  may  be  injected  into  the  blood  stream  and  within  2  minutes  it  is 
diluted  to  a  certain  color  which  remains  almost  unchanged  for  4  to  6 
minutes  or  loi^r.  This  indicates  a  circulating  fluid  volume  of  a 
certain  bulk  whatever  the  limiting  structures  of  this  area  may  be.    We 
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cannot  admit  that  a  certain  portion  of  the  dye  may  escape  from  the 
blood  capillaries  or  be  phagocytocized  during  the  first  2  minutes  follow- 
ing the  injection  unless  we  admit  the  same  or  similar  possibility  for  the 
second  2-^nute  interval.  There  is  no  such  disappearance  during  this 
second  period  of  2  minutes,  so  no  person  without  definite  proof  has  the 
right  to  assume  or  postulate  any  such  reaction  during  the  first  2  minutes. 
If  these  facts  established  by  these  dye  injections  do  not  harmonize 
with  our  preconceived  notions  concerning  blood  volumes  and  fluids 
circulating  in  the  living  body,  then  it  is  time  to  modify  these 
concepts. 

BDlfUABT 

Blood  volume  measurement  is  not  the  property  of  a  single  dyp  sub- 
stance or  group  of  such  substances  but  may  be  accomplished  by  a  great 
number  of  dyes. 

It  is  essential  that  the  dye  ie  non-toxic,  and  not  stored  in  the  tissues, 
that  the  colors  are  such  as  to  permit  accurate  determination  and  that 
the  dye  is  removed  quite  slowly  from  the  blood  stream.  Given  these 
characteristics  a  dye  is  suitable  for  blood  volume  work. 

It  ia  of  some  s^inificance  that  all  suitable  dyes  give  a  remarkably 
constant  figure  on  the  average  for  blood  volume  determinations  (table 
9).  This  may  indicate  that  the  fluid  measured  in  the  blood  stream  is 
relatively  constant,  whatever  our  mental  reservations  may  be  con- 
cerning the  actual  extent  of  this  fluid  medium  or  its  limitii^  structures. 

A  blue  aieo  dye  (T-1824)  in  our  hands  is  slightly  superior  to  the  vital 
red  groups  especially  as  regards  ease  and  accuracy  of  colorimetric 


Several  other  dyes  are  studied  and  found  to  be  satisfactory  for 
routine  blood  volume  work  (table  5). 

A  great  number  of  dyes  are  included  in  this  study  and  are  not  suitable 
for  blood  volume  work.  Some  are  rapidly  removed  from  the  blood  by 
way  of  the  kidney  or  liver.  The  significance  of  these  dye  reactions 
cannot  be  discussed  at  this  time. 

BIBLIOGRAPHY 
(1)  Whiffle,  Peiobtal  AND  Clahk:  Johna  Hopkins  Hasp.  Bull.,  1913,  xxtv,  343. 
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IV.  Blood  Voluue  as  Detebbuned  bt  the  Change  in  REFBAcrriTiTT 

OF  THE  Serdu  Non-Protein  Fraction  after  Injection 

OF  Certain  Colloids  into  the  Circulation 
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From  the  Qeorge  Williom»  Hooper  Foundation  for  Medical  Research,  Univertity  of 
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This  investigation  forme  a  part  of  the  general  program  of  this  labo- 
ratory which  includes  a  study  of  the  complex  problem  of  blood  volume 
determinations.  This  problem  is  being  approached  from  all  angles 
and  other  pubUcationa  dealing  with  the  subject  will  appear  in  the  near 
future.  It  occurred  to  us  that  certain  colloids  havir^  a  high  refractive 
index  m^ht  be  introduced  into  the  blood  stream  with  a  corresponding 
change  in  the  refractive  index  of  the  serum.  Acacia  and  gelatin  are 
used  and  are  found  to  appear  quantitatively  in  the  non-protein  fraction 
of  the  serum.  The  change  in  refractive  index  of  the  non-protein 
fraction  is  sufficient  to  permit  accurate  determination  of  the  degree  of 
dilution  affected  by  the  mixture  of  the  colloid  solution  with  the  circu- 
lating blood.  This  permits  us  to  estimate  with  considerable  accuracy 
the  circulating  blood  volume  by  which  these  colloids  are  diluted  and  in 
which  they  circulate  throi^h  the  body.  It  is  signi£c^it  that  blood 
volume  as  determined  by  this  method  compares  very  closely  to  the 
blood  volume  as  determined  by  the  vital  red  dyes.  This  indicates  that 
the  Quid  areas  included  in  the  vascular  system  as  measured  by  these 
various  substances  are  of  similar  extent. 

It  is  not  our  intention  to  review  the  many  papers  dealing  with  the 
different  phases  of  blood  volume  work.  We  shall  refer  to  the  work  of 
Keith,  Rowntree  and  Geraghty  (1),  who  first  used  the  "vital  red" 
method.  ■  We  shall  also  give  frequent  references  and  figures  which  cover 
some  of  the  work  done  in  this  laboratory  by  the  use  of  "brilliant  vital 
red. " 

■  Uairersity  of  California  Fellow  in  Research  Medicine. 
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The  recent  work  of  Meek  and  Gaseer  (2)  is  of  particul&r  interest  to 
us.  These  workers  introduce  intravenously  lar^e  amounts  of  acacia, 
then  remove  some  blood  and  make  the  proper  analysis  for  the  contained 
acacia.  It  is  necessary  to  hydrolyze  the  acacia  to  liberate  the  pentosan 
which  can  then  be  determined  quantitatively  as  a  phloroglucid.  One 
of  us  (Davis)  carried  out  a  number  of  experiments  using  this  method 
but  in  our  hands  this  method  presented  certain  difficulties — it  is  very 
time-consuming  and  the  figures  are  not  at  once  available.  The  final 
gravimetric  determinations  are  carried  out  on  such  small  amounts  of 
material  that  slight  discrepancies  in  weighing  cause  large  percentage 
errors.    We  feel  that  the  method  is  unique  and  in  theory  valid. 

The  value  of  the  refractometer  in  biological  analysis  has  been  especially 
emphasized  by  Reiss  (3).  This  work  has  been  somewhat  elaborated 
in  this  country  by  Robertson  (4).  Althot^h  various  workers  have 
solved  and  suggested  the  attack  of  many  problems  in  blood  anidysis, 
we  have  seen  no  reference  to  the  application  of  refractometry  to  the 
determination  of  colloidal  additions  to  the  blood  stream  in  blood  volume 
work. 

A  substance  to  be  suitable  for  injection  in  our  work  must  possess 
certain  qualities:  a,  It  should  go  into  solution  in  rather  high  concentra- 
tion, b,  It  must  be  relatively  non-toxic  and  non-antigenic.  c.  It  must 
remain  unchanged  in  the  circulation  at  least  until  thoroughly  mixed. 
d,  It  should  have  a  high  refractive  index,  e,  It  should  be  recoverable 
quantitatively  in  the  non-protein  fraction  of  the  serum. 

Among  the  substances  considered,  gelatin  and  gum  acacia  were 
finally  chosen  as  best  suited  to  our  work.  Proteins  other  than  gelatin 
were  considered,  but  were  rejected  for  various  reasons  which  are  obvious. 
Starch  and  inulin  disappear  from  the  blood  stream  too  quickly.  Agar 
agar  gels  too  readily,  is  hud  to  get  into  a  concentrated  solution  and 
may  produce  grave  intoxication  as  demonstrated  on  guinea  pigs  by 
Novy  and  De  Kruif  (5).  Gum  tragacanth  will  not  form  a  concentrated 
solution,  and  is  quite  expensive.  Possibly  other  substances  colloidal 
in  nature  may  be  suggested  by  other  invest^ators  if  this  general  method 
finds  favor. 

Gelatin  and  acacia  are  both  relatively  cheap  and  easily  obtained; 
they  may  be  made  into  20  per  cent  to  25  per  cent  solutions  with  little 
difficulty;  they  are  non-toxic  and  non-antigenic,  as  shown  by  Starin 
(6)  and  others  for  gelatin,  and  as  shown  by  Gasser  and  Meek  (2)  and 
by  De  Kruif  (7)  for  acacia;  both  remain  in  the  serum  non-protein 
fraction;  both  disappear  from  the  blood  stream  quite  slowly  as  Buglia 
(8)  has  shown  for  gelatin,  and  Meek  and  Gasser  (2)  for  acacia. 
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The  fluidity  of  concentrated  solutions  of  acacia  is  of  considerable 
advantage;  equal  concentrations  of  gelatin  readily  solidify  upon  cooling. 
On  tbe  other  hand,  gelatin  has  a  much  higher  refractive  index,  thus 
permitting  somewhat  smaller  injections  than  are  used  with  acacia. 
Occasionally  with  acacia,  never  with  gelatin,  a  tendency  to  vomit  is 
noted  in  dogs,  either  during  or  shortly  after  injection.  This  nausea  is 
of  tiioit  duration  and  there  are  no  observable  bad  after-effects.  Usually 
Buch  a  reaction  may  be  avoided  by  very  slow  injection  (e.g.,  5  cc.  per 
minute). 

TABLE  t 

Rcfraetivt  indices  of  gelatin  and  acada  goiuiion* 


"T^cS-^^SS*" 

BEraACnVB  IKDICM  OB  I  FIB 

"'"""^S?-.^^'""" 

0.00132 
0.00124 
0.00132 
0.00136 

0.00168 

o.ooieo 

0  00172 
0.00172 

0.00148 
0.00144 
0.001S2 

Avenee  0.00131 

0.00168 

0.00148 

".».c'ii««..°' 

C»»P  ODJTU" 

AMD  i  PEB  MJfT  aEl.*TIH 

0.00655 
0.00663 
O.OOB56 
0.00662 

0.00837 

0.00833 
0.00837 
0.00845 

0.00738 

0.007-tt 
0.00742 

Averse  0.0065875 

0.00838 

0.0074066+ 

0. 0065875/5 -0.0013176 

0.00838/5=0.001676 

0.007406B+/5=0.0014R13+ 

Since  it  is  sometimes  advantageous  to  know  the  refractive  indices  of 
the  stock  solutions  with  which  we  work,  we  have  spent  acme  time  in 
determining  the  values  for  diluted  specimens  from  such  solutions,  and 
of  less  concentrated  solutions  made  from  the  dry  material.  We  have 
used  conunercial  gum  acacia,  obtained  in  small  lumps  or  "tears," 
containing  an  appreciable  amount  of  foreign  particles;  also  "Gold 
Label"  sheet  gelatin.  It  may  very  well  be  that  chemically  purified 
materials  ^ve  somewhat  different  refractive  indices  from  those  which 
we  have  recorded.  It  will  be  observed  that  the  refractive  indices  of 
1  per  cent  solutions  of  acacia  are  about  0.00131  or  0.00132  greater  than 
tie  solvent-distilled  water,  and  that  of  gelatin  is  about   0.00167   or 
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0.00168,  whether  the  readings  are  made  on  1  per  cent  aolutions  or  oo 
5  per  cent  readings  and  divided  by  5.  We  alao  have  detenainaidoaB 
on  2  per  cent  and  10  per  cent  Bolutions  which  are  comparable.  It  may 
be  said  that  the  readings  as  noted  in  table  1  are  on  separate  aohitioos 
in  each  case,  not  different  readii^  on  the  same  solution.  Our  per- 
centage solutions  are  made  by  putting  the  dry  (desiccsted)  substanoe 
is  a  volumetric  fiask  and  making  up  to  volume.  In  case  of  ocmoen- 
trated  solutions  (above  10  per  cent  at  least)  suitable  dihitions  are  made 
to  facihtate  reading.  It  will  be  noted  that  the  mixtures  of  equal  parts 
1  per  cent  acacia  and  1  per  cent  gelatin  give  a  value  {0.00148  +)  very 
close  to  the  theoretical  mean  (0.001495  +)  as  found  in  the  other  deter- 
minations cited. 


The  Pulfrich  refractomet«r  which  reads  the  angle  of  total  reflection 
to  within  one  minute  has  been  used  for  all  this  work.  A  sodium  flame 
is  used  as  the  source  of  light.  By  means  of  a  table  the  refractive  indices 
correqwnding  to  angles  of  total  reflection  are  determined  directly. 
Ordinarily  distilled  water  is  used  as  a  basis  for  comparison.  For 
instance,  the  refractive  index  of  a  1  per  cent  aqueous  solution  of  sodium 
chloride  is  0.00160  greater  than  that  of  distilled  water.  The  angles  of 
total  reflection  of  both  water  and  salt  solution  as  read  will  depend 
upon  the  temperature,  the  refractive  index  of  the  refractometer  prism, 
etc.,  but  under  the  same  conditions  of  readmg  this  difference  of  0.00160 
remains  constant.  In  principle  our  method  depends  upon  the  dif- 
ference in  reading  between  the  non-protein  fraction  of  the  blood  serum 
before  and  agam  after  the  injection  of  a  solution  of  a  suitable  colloid 
into  the  circulation. 

It  will  be  observed  that  in  many  of  our  experiments  we  have  used  a 
eoncentrated  solution  of  acacia  plus  gelatin;  that  is,  a  solution  of  20 
per  cent  to  25  per  cent  acacia  and  10  to  20  per  cent  gelatin  in  Locke's 
solution  or  ph}rsiological  salt  solution.  Such  a  mixture  is  Altered 
through  cotton,  or  centrifugalized  to  get  rid  of  foreign  materiaL  Upon 
standing  or  centrifugahzation  two  rather  definite  layers  appear.  The 
upper  layer  forms  a  soft  gel  upon  cooling,  while  the  lower  'ayer  never 
gels,  though  viscid,  and  is  easily  pipetted  frcnn  underneath  the  firmer 
top  portion.  This  fluid  mixture  we  employ  for  injections.  It  remains 
homi^eneous  and  has  a  high  refractive  index,  the  1  to  20  dilutions  read-  , 
ing  well  over  0.00200.  The  top  layer  may  be  warmed  and  injected  if 
so  desired,  though  we  have  been  accustomed  to  use  it  as  part  of  the  next 
stock  batch  of  gelatin-acacia  mixture  made  up. 
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We  usually  inject  (in  dogs)  about  1  cc.  of  concentrated  solution  per 
pound  body  weight.  ThiB  amount  is  usually  measured  directly  into 
one  or  more  syringes.  Accurate  measurement  of  this  thick,  viscid 
fluid  presents  certain  difficulties.  The  solutions  are  so  viscous  that 
they  do  not  rapidly  drain  from  a  pipette.  We  rinse  the  pipette  with  a 
little  warm  saline  solution,  or  draw  the  fluid  a  certain  distance  beyond 
the  mark  and  drain  only  a  short  while.  If  the  latter  method  is  em- 
ployed, one  should  caUbrate  the  pipette  for  delivery  at  a  given  ton- 
perature,  and  should  allow  a  constant  period  for  drainage.  Again  it 
may  be  advisable  to  caUbrate  a  laige  syringe  and  draw  the  solution  up 
directly.  If  desired  the  solution  may  be  warmed  after  measurement 
in  the  cold  by  laying  the  syringe  over  a  steaming  dish  or  radiator  with 
a  rubber  band  over  the  opening  to  prevent  loss  of  fluid  when  expansion 
takes  place. 

At  least  three  tubes  should  be  at  hand  for  blood  samples;  two  of 
these  should  be  clean  centrifuge  tubes,  or  test  tubes,  for  the  serum 
samples;  and  one  an  hematocrit  tube  containing  2  cc.  of  1.6  per  cent 
sodium  oxalate  solution  for  the  plasma  sample.  A  second  hematocrit 
tube  may  be  prepared  for  a  plasma  sample  after  injection,  if  so  desired. 

In  dogs  the  bktod  is  ordinarily  withdrawn  from  the  external  jugular 
vein.  We  take  from  5  to  10  cc.  into  a  dry  tube  for  a  serum  sample, 
and  7  to  10  cc.  into  oxalate  for  a  plasma  sample  before  injecting.  The 
injection  shou!d  be  made  slowly,  about  5  to  10  cc.  per  minute,  the 
syringe  rinsed  with  warm  saline,  and  the  washings  injected.  If  the 
dog  has  veins  easy  to  enter  it  is  just  as  well  to  withdraw  the  needle 
after  the  injection  is  completed,  and  use  the  opposite  side  for  the  second 
blood  sample.  In  case  the  veins  are  small  and  difficult  to  find,  the 
needle  may  be  kept  open  by  slow  injection  of  salt  solution,  and  the 
second  serum  sample  obtained  on  the  same  side.  We  allow  3  to  5 
minutes  after  the  injection  for  mixing  before  taking  the  second  sample 
for  serum. 

Aft«r  standing  a  few  minutes,  the  clotted  samples  are  detached  from 
the  sides  of  the  tubes  and  centrifugalized  for  about  10  minutes  -for 
separation  of  the  clear  serum.  We  allow  about  30  minutes  at  2500 
revolutions  per  minute  for  the  plasma  hematocrit  samples. 

In  determining  the  non-protein  fraction  of  the  serum  we  follow  the 
method  as  outiined  by  Robertson  (4)  in  which  the  serum  proteins  are 
precipitated  by  N/25  acetic  acid.  Glass  tubes  20  to  25  cm.  long,  having 
an  inside  diameter  of  at  least  5  mm.  and  walls  about  1  mm.  thick,  are 
sealed  at  one  end.     It  is  well  to  blow  gently  into  the  tube  while  the 
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sealed  end  is  still  soft,  thus  roimding  the  bottom  and  leesening  the 
tendency  to  crack  on  cooling.  These  inexpensive  tubes  may  be  used 
over  again  after  cleaning,  until  they  bec<Hue  too  short.  Into  these 
tubes,  which  have  been  carefully  cleaned  and  dried,  are  introduced 
definite  amounts  of  serum  by  means  of  any  small  bored  pipette  with  a 
capillaiy  tip.  If  possible,  duplicates  of  each  serum  sample  should  be 
made.  We  use  approximately  1  cc.  amounts,  although  as  Uttle  as  0.4 
or  0.5  cc.  is  sufficient  so  loi^  as  exactly  the  same  volume  of  N/25  acetic 
acid  is  added.  In  delivering  the  serum  one  should  avoid  wetting  the 
upper  part  of  the  tube,  and  the  formation  of  air  bubbles. 

The  serum  having  been  delivered,  the  same  amount  of  N/25  acetio 
acid  as  of  serum  is  introduced  into  each  tube.  The  same  pipette  aa 
used  for  measuring  the  serum,  after  being  rinsed  with  distilled  water 
and  N/25  acetio  acid,  or  a  second  pipette  calibrated  against  it  is  used 
to  measure  the  acid.  In  case  acacia  solution  has  been  the  injection 
fluid,  the  tubes  of  serum  after  injection  will  show  much  more  cloudiness 
than  the  first  sample,  but  this  entirely  disappears  on  subsequent  shaking. 
The  N/25  acetic  acid  solution  may  be  made  up  with  sufficient  accuracy 
by  diluting  4  cc.  glacial  acetic  acid  to  1750  cc. 

A  small  glass  bead  is  next  dropped  into  each  tube  and  the  opes  end 
is  sealed  oS  in  a  Same,  care  being  taken  not  to  heat  the  contents.  After 
cooling,  the  tubes  are  reversed  a  sufficient  number  of  times  to  insure  a 
thorough  admixture  of  the  contents.  The  tubes  are  next  placed  in  a 
beaker  containing  cold  water  of  such  a  depth  as  to  completely  immerse 
the  tops  of  the  fluid  columns.  It  is  well  to  pad  the  bottom  of  the  beaker 
with  cotton  to  guard  against  cracks  in  bumping  when  the  water  boils. 
The  water  is  slowly  heated  to  boiling  and  allowed  to  boil  for  2  minutes. 
The  tubes  are  then  removed  from  the  boiling  water  and  cooled  to  room 
temperature,  either  in  water  or  mote  slowly  in  air. 

When  the  tubes  have  cooled,  the  sealed  tips  are  broken  oS.  The 
coagulum  is  broken  up  by  means  of  a  small  clean  wire,  after  which  tiie 
tubes  are  centrifugalized  for  a  few  minutes.  The  clear  supernatant 
fluid  representing  the  non-protein  fraction  of  the  blood  serum  can  be 
easily  decanted  or  pipetted  off.  The  samples  taken  before  and  those 
taken  after  injection  are  next  read  against  each  other  in  the  refrao- 
tometer.  It  is  well  to  have  a  constant  temperature  in  the  room  where 
the  readily  are  done.  To  obtain  this  it  may  be  necessary  to  leave  the 
flame  which  is  used  as  the  source  of  l^ht  burning  in  the  room  for  an 
hour  or  more  bef(»e  reading.  Otherwise,  at  least  in  a  long  series  of 
determinations,  it  niay  be  necessary  to  re-read  a  given  fluid  such  as 
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water  or  salt  solution  at  frequent  intervale  to  find  the  change  due  to 
rising  temperature.  Between  separate  samples  the  cup  of  the  refrao- 
tometer  should  be  rinsed  with  distilled  water  and  carefully  dried  with 
absorbent  cotton  or  filter  paper,  preferably  followed  by  lens  paper. 

We  consider  that  the  actual  reading  of  the  refractometer  is  the 
simplest  step  in  the  whole  method.  With  a  little  practice  anyone  can 
bisect  the  opposite  angles  of  the  X  with  the  well  demarcated  line  between 
light  and  shadow  shifted  by  the  fine  adjustment  screen.  It  is  better 
for  one  individual  to  make  all  the  readJi^  in  a  given  experiment, 
since  possible  slight  errors  are  then  more  likely  to  oSaet  each  other. 
The  angles  as  read  on  the  scale  are  referred  to  a  table  giving  the  corre- 
sponding refractive  indices,  and  the  difference  between  solutions  is 
obtained  at  once  by  subtraction. 

'  The  plasma  percent^^  before  injection  is  calculated  from  the  hemat- 
ocrit tube  readings,  allowance  being  made  for  Qie  oxalate  solution 
previously  in  the  tube.  The  total  plasma  withdrawn  before  injecticm 
is  subtracted  from  the  total  fluid  volume  injected;  the  result  we  assume 
to  be  the  increment  to  the  plasma  volume  caused  by  injection. 

A  suitable  dilution  (e.g.,  1  to  20)  is  made  of  the  concentrated  injec- 
tion fluid  and  its  increased  refractivity  over  the  salt  solution  solvent  is 
determined. 

We  now  calculate: 


Diftetenoe  in  Refractivity  of  Non-Proteins 


Plasma  Volume  Before  Injection    -  Increased  Plasma  Volume 
Plasma  Increment. 


Plasma  Per  Cent 

The  difference  in  refractivity  of  non-proteins  is  obviously  twice  the 
difference  in  refractometer  readings,  since  each  serum  sample  is  diluted 
one-half  with  N/25  acetic  acid. 

In  case  simple  solutions  of  gelatin  or  acacia  are  used  the  plasma 
volume  may  be  determined  as  follows:  Knowing  the  reading  of  a  true 
1  per  cent  solution,  and  that  of  an  accurately  diluted  sample  of  the 
concentrated  injection  fluid,  the  number  of  grams  injected  may  be 
determined.  From  the  difference  in  the  non-protein  reading  before 
and  after  the  injection  the  concentration  per  cubic  centimeter  of  plasma 
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can  be  calculated.  Then  the  grams  injected  divided  by  the  plasma 
ooccentration  minus  the  plasma  increment  should  give  the  same 
value  as  arrived  at  in  the  above  formula.  In  case  an  hematocrit  is 
taken  after  injection  the  above  figuring  may  be  done  without  subtracting 
ttie  plasma  increment  and  the  larger  result  divided  by  the  plasma  per 
cent  after  injection;  the  result  is  probably  somewhere  near  the  blood 
volume  after  injection.  From  this  the  total  volume  injected  minus 
the  total  blood  withdrawn  may  be  subtracted,  and  the  resulting  ^ure 
is  often  very  close  to  the  blood  volume  before  injection  as  determined 
by  the  first  formula.  However,  we  consider  the  first  method  to  be  the 
more  reliable. 

In  these  calculations  we  are  considering  the  vascular  tree  as  a  definite 
container  with  impermeable  walls,  into  which  a  known  fluid  is  injected, 
the  whole  mixed,  and  the  total  contents  determined  by  the  concen' 
tration  of  injected  material  in  a  given  sample  of  the  diluted  fluid. 
Obviously  we  are  not  justified  in  these  assumptions;  indeed  it  is  occa- 
Edoually  found  that  the  plasma  percentage  in  the  sample  after  injection 
is  less  than  it  waa  beforehand.  No  doubt  there  are  changes  ocGurring 
in  the  blood  stream  that  are  quite  beyond  our  control  and  about  many 
of  which  we  know  nothing.  There  have  been  obeervations  in  this  labo- 
ratory which  indicate  a  frequent  leucopetnia  after  injection  of  acacia; 
sometimes  there  seems  to  be  a  definite  delay  of  clotting  after  injection 
of  acacia  although  in  vitro  it  requires  practically  an  equ^  volume  of  10 
per  cent  acacia  to  prevent  clotting.  However,  other  blood  volume 
methods  meet  the  same  or  similar  difficulties,  in  that  changes  going  on 
in  two  are  not  fully  understood. 

EXFBKIMENTAL  OBSEBVATIONS 

It  must  be  demonstrated  at  once  that  acacia  and  gelatin  alone  or 
combined  are  not  carried  out  of  the  blood  plasma  by  blood  coagulation. 
It  must  be  shown  that  these  two  colloids  may  be  recovered  quanti- 
tatively from  the  non-iirotein  fraction  of  the  blood  serum.  Our  experi- 
ments have  convinced  us  that  acacia  and  gelatin  are  not  disturbed  by 
blood  coagulation  and  do  appear  quantitatively  in  the  non-protein 
fraction  of  the  blood  when  this  method  is  employed  as  described. 
Experiment  1  may  be  taken  as  a  typical  example. 

Experiment  I.  Recovery  of  acacia  and  gelaiin  tn  vitro.  The  foUowing  solu- 
tions were  prepared: 

1.  One  cubic  centimeter  10  per  cent  acacia  in  NaCl  solution  +  9  cc.  whole 
blood. 
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2.  One  cubic  centimeter  NftCI  solution  +  9  oo.  whole  blood.     (Control.) 

3.  One  oubio  centimeter  approxinutely  10  per  cent  gelatin  in  NaCI  solution 
+  9  00.  whole  blood. 

4.  One  cubic  oentimeter  NaGl  solution  +  1  oc.  gelatin  and  acacia  mixture  in 
NaCl  solution  +  8  cc.  whole  blood. 

5.  Two  cubic  centimeters  NaGl  solution  +  8  oo.  whole  blood.     (Contral.) 

6.  One  cubic  centimeter  10  per  cent  acacia  in  NaOl  solution  +  9  ec  NaOl 
solution. 

7.  One  cubic  oentimeter  approximately  10  per  cent  gelatin  In  NaCl  solution 
+  B  oe.  NaCl  solution. 

8.  One  cubic  oentimeter  gelatin  and  acacia  mixture  in  NaCl  w>lution'+  19  co. 
NaCl  solution. 

9.  NaCl  solution. 
Non-protein  readings: 

,  /66'6'  1.33855 


■W°36' 


\K"i' 

f66"80' 
\65°80' 

,  fas'aa' 

° ieew 

other  solutions: 

-  /ee''4'30" 
\66°4'30" 


/86°3'  1.33875 

tea's' 

fm%'  1.338S6 


f86"21' 
■166«21' 


Blood  plasma  percentage  —  41.65  per  cent. 
1.33856  (1)  -  1.38665  (2)  -  O.OOlflO;  0.00160  X  2  -  0.00320. 
0.00320  X  0.4165  -  0.0013328,  reading  of  1  per  cent  aoaeia  in  the  whole  blood. 
1.33867  (6)  -  1.33735  (9)  -  0.00132,  reading  of  1  per  cent  acaela  in  NaCl 
solution. 

(100  X  0.0013328  -  0.001^) /0.00132  -  0.9  per  cent  difference. 
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1.33S71  (3)  -  1.33695  [2)  -  0.00176;  0.00176  X  2  •-  0.00352. 
0.00352  X  0.4165  =-  0.00116608,  1  per  cent  gelatin  in  whole  blood. 
1.33879  (7)  -  1.33735  (9)  -  0.00144, 1  per  cent  gelatiu  in  NaCl  aolution. 
(100  X  0.00146608  -  0.00144) /0.00144  -  1.7  per  cent  difference. 

1.33983  (4)  -  1.33695  (5)  -  0.002S8;  0.00288  X  2  -  0.00576. 

0.00576  X  0.4166  =  0.00239904,  reading  of  1 :  10  dilution  of  gelfttin  and  acacia 
mixture  in  blood. 

1.33855  (3)  -  1.33735  (9)  -  0.00120,  reading  of  1:20  dilution  of  mirture. 

2  X  0.00120  -  0.00240,  reading  of  1 :  10  dilution  of  gelatin  and  acacia  mixtura 
in  NaCl  solution. 

(100  X  0.00240  -  0.00239004) /0.00240  -  0.04  per  cent  difference. 

It  will  be  seen  that  within  experimental  error  the  recovery  of  acacia 
and  gelatin  was  complete  in  whole  blood.  Where  the  gelatin  and  acacia 
were  used  separately  a  slight  positive  error  occurred,  and  when  a  mixture 
of  the  two  was  employed  the  check  was  almost  perfect. 

For  a  considerable  range  of  ai^es  the  index  per  minut«  is  8  in  the 
5th  decimal  place;  hence  the  difference  between  two  solutions  is  the 
difference  in  minutes  X  0.0(X)08.    As: 

66" 26' -66" 6'  =  20';  20  X  0.00008  =  0.00160 

In  ordinary  calculations  we  seldom  use  decimals  in  referring  to 
refractive  indices,  thus  for  convenience  we  generally  call  that  of  acacia 
simply  132,  and  gelatin  168,  etc. 

It  has  been  of  interest  to  determine  whether  the  method  can  be  used 
with  accuracy  in  the  presence  of  hemolysis,  jaundice,  lipenua,  etc. 
These  conditions  sometimes  offer  considerable  difficulties  in  dye  deter- 
minations of  blood  volume.  We  have  found  that  these  factors  introduce 
DO  error  in  the  refractometric  method.  Hemoglobin  is  entirely  precip- 
itated with  the  proteins.  We  have  never  taken  any  special  precautions 
to  prevent  hemolysis,  consequently  a  moderate  grade  has  sometimes 
occurred.  Such  experiments  have  always  been  tabulated  as  normal, 
without  question.  Bile  pigments  and  fat  even  in  excessive  amounts 
are  inconsequential  factors  after  the  processes  of  dilution  and  pre- 
cipitation. 

The  following  experiment  illustrates  recovery  in  the  presence  of  bile. 

Experiment  It.  Recovery  of  media  in  the  presence  of  bile.  Sample:  100  CO. 
fresh  blood  -)-  5  cc.  dog's  bile. 

The  following  solutions  were  prepared: 

1.  Nine  cubic  centimetere  serum  (containing  bile)  +  1  oo.  0.9  per  cent  NaCl 
solution. 
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2.  Nine  cubic  centimeters  aerum  (contaiaiiiK  bile)  +  1  co. 
mixture  ia  0.9  per  cent  NaCl  Bolution— (3  samples). 

3.  Nine  cubic  centimeters  0.9  per  cent  NaCl  solution  +  1 1 
mixture  (2  samples).  ■ 

4.  Nine  hundredtha  per  cent  NaCl  solution. 
NoD-protein  readings; 


gelatin  and  acacia 
D.  gelatin  +  acacia 


feeni'so" 

2 ]e6°ll'30"      Average  66°lli' 

[66°11' 
Difference  {1  and  2)  -  26ii';  26H  X  8  X  2  =  430J. 
Readings  of  media: 

Antir  ofRtf. 

8--- {S'30"      Average  66-261' 

4 66°20' 

Difference  (3  and  4)  -  53i';  63i  X  8  =  426. 
100  X  430J  -  426  /  426  -  1.09  per  cent  error. 

It  will  be  seen  at  once  that  the  difference  in  recovery  in  NaCl  Bohition 
and  in  jaundiced  Berum  Uea  well  within  the  experimental  error  of  meas- 
urement and  reading,  and  that  even  so,  the  error  as  noted  is  in  favor 
of  the  serum  mixture. 

The  following  two  experiments  were  performed  upon  the  same  dog, 
one  durii^  an  induced  hpemia,  the  other  in  a  normal  period.  We  have 
another  experiment  on  the  same  animal  on  still  another  date  which 
gives  practically'  the  same  blood  volume  which  these  experiments 
show. 

Espmmeni  III.    Blood  volume  m  Hpemia.    August  13, 1919. 
Dog  20-6.    Young  male  adult,  in  good  condition.    Weight  231  pounds  (10.G2 
kgm.).    Gave  SO  co.  cottonseed  oil  +  100  cc.  milk  by  stomach  tube  1)  hours 
before  irithdiawal  of  blood. 

Removed  16  cc.  blood  before  injection.    Plasma  per  cent  =•  57. 
Injected  24]  cc.  media  +  20  cc.  NaOl  solution.    Removed  18  cc.  after  6  to  7 
minutes. 

Serum  shows  marked  lipemia. 

Media  diluted  1: 20  -  reading  66''2' 18'  difference 

NaCl  solution  -  reading  66»20' 18X8  -  144 

Serum  non-protein,  before  injection  —  reading )m°iat' 
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Serum  non-protein  after  injeotion  —  readjnit ( BA"tai' 

Difference  -  81';  6i  X  8  X  2  -  100. 

44.6  oc.  total  injection 
9.0  cc.  plasEQft  withdrawn 
36.6  cc.  plasma  increment 
144  X  24i  X  20 
100 
670  /  0.57  ■=  1176  cc.  blood  volume. 
1176  /  10620  ■=  11.1  CO.  per  100  gnma  body  weight. 


—  36.5  —  670  oc.  plasma  volume. 


Experimaa  IV.    August  27,  1919. 

Dog  20-6.     Young  male  adult  (see  exper.  III).     Weight  24  pounds  (10.9 
kgm.). 

Removed  16  cc.  blood  before  injection.    Plasma  =  54,7  per  cent. 
Injected  26  cc.  tLcticia  +  gelatin  mixture  (previously  found  to  read  164  in  a 
1:  26  dilution)  +  14  cc.  NsCl  solution. 

Dog  became  a  little  sick  but  did  not  vomit. 

Second  blood  sample  withdrawn  4-6  minutes  after  injection. 

AiieUofii^. 

f66°19^" 

1.  Non-protein^before  injection {66°19'30" 


2.  Non-protein— after  injection.  . 


66''11' 
86''11' 
66''11'+ 
66°11'-|- 

Anfltd/Bi/. 

No.  1  (before  injection)  re-read  because  of  rising  temperature.. e6°21' 
Difference  about  91  (66°20i'  -  6e°ll') 

91  X  8  X  2  =  162 
39  cc.  total  injeotion  —  0  oc.  plasma  withdrawn  ■■  30  cc.  plasma  increment. 
164  X  26  X  26      „      „,^ 
~ 30  —  674  00.  plasma  volume. 

674  /  0.547  -  1177  cc.  blood  volume. 

1177  /  10900  -  10.7  cc.  per  100  grams  body  weight. 

That  the  blood  volumes  as  determined  in  experimentB  III  and  IV  bo 
nearly  coincide  ia  a  mere  chance,  especially  when  the  time  interval 
between  determinations,  the  change  in  weight,  etc.,  are  considered. 
Nevertheless,  the  results  certainly  street  that  even  a  mailed  tipemia 
does  not  affect  the  non-protein  readings.  Ill 

Vfitb.  the  pofisitMhty  of  error  from  these  more  or  less  abnormal  con- 
ditions eliminated,  we  may  go  on  to  the  consideration  of  normal  cases. 
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Table  2  giv^  the  results  of  blood  vohime  determinationB  in  a  number 
of  dogs.  It  is  scarcely  necessary  to  give  protocols  of  the  individual 
experiments;  the  essential  details  are  given  in  the  table,  and  experi- 
ments III  and  IV  are  indicative  of  the  usual  procedure  and  calculations. 

Most  of  these  dogs  were  in  good  condition,  a  few  were  very  anemic 
as  noted  in  the  remarks. 

In  nearly  every  case  we  have  dye  determinationB  on  the  animal; 
scnne  of  these  were  done  in  the  regular  course  of  experiments  by  various 
laboratory  workers,  others  were  kindly  performed  by  either  Mr.  H.  P. 
Smith  or  Mrs.  Robscheit,  especially  to  serve  aa  checks  for  our  own 
experiments. 

Blood  volumes  done  by  the  dye  method  at  an  interval  of  several 
days  or  weeks  from  the  refractometric  method  are  of  little  comparative 
worth;  the  determinations  done  on  the  same  day  are  of  the  greatest 
value.  Sometimes  the  diEference  between  the  two  results  is  rather 
large,  but  on  the  other  hand,  the  similarity  is  often  quite  striking.  We 
were  pleased  to  find  that  the  refractometric  method  sometimes  gives 
higher  results,  sometimes  lower  than  the  dye  method.  This  lack  of 
constancy  probably  indicates  the  occurrence  of  experimental  errors 
rather  than  a  fimdamental  fault  in  the  method.  The  ratio  of  blood 
volume  to  body  weight  is  quite  similar  in  the  two  methods.  The 
average  amount  of  blood  per  100  grams  body  weight  in  the  twenty-one 
experiments  tabulated  in  table  2  is  9.76  cc. 

In  a  series  of  dogs  reported  by  Meek  and  Gasser  (2)  using  the  acacia- 
phloro-glucid  method,  the  blood  volume  in  per  cent  of  body  weight  was 
9.74  per  cent.  To  compare  with  this,  our  results  as  given  should  be 
multiplied  by  the  specific  gravis  of  blood,  but  even  so  the  similarity 
is  rather  striking.  The  plasma  percentages  of  body  weight  in  dogs  as 
determined  by  Keith,  Rowntree  and  Ger^hty  (1)  are  quite  comparable 
to  our  results. 

Reference  to  table  2  shows  that  we  gave  much  larger  injections  in 
the  ear^  experiments  than  we  did  later.  The  later  work  was  largely 
done  with  tiie  solutions  of  high  refractive  indices.  Furthermore,  we 
cfune  to  the  conclusion  that  large  volumes  of  fairly  coni^ntrated  colloids 
produced  greater  upset  of  equilibrium  (i.e.,  changes  in  cell  content  and 
ratio,  unaccountable  plasma  percentages,  disturbances  in  protein 
content,  etc.)  than  did  small  injections,  and  were  to  be  avoided  when 
possible.  We  attempted  to  obtain  the  blood  volume  in  a  few  instances 
when  Mr.  Smith  and  Mr.  Arnold  injected  very  large  amounts  of  6  per 
cent  acacia  without  previously  producing  an  anemia.    In  two  experi- 
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meets  out  of  about  half  a 'dozen  we  obtamed  results  comparable  with 
the  dye  method.  Such  enormous  injections  are  certainly  unnecessary 
and  unfavorable  for  subsequent  refractometric  determinations.  Experi- 
ment XXVI  shows  one  of  the  few  good  results  which  we  obtained. 

Experiment  XXVI.  Blood  volume  determined  follomng  the  injection  of  a  larga 
amount  of  6  per  cent  acacia  solution.    Auguat  8, 1919. 

Dog  17-38.    Weight  28  pounds  (12.72  kgm.). 

Mr.  Arnold  injected  635  cc.  of  approximately  6  per  cent  acacia;  this  was  the 
estimated  plasma  volume. 

Sample  following  injection  was  removed  in  5  minut«a. 

A  i :  6  dilution  of  the  injection  media  read  120. 

FUsma  per  cent  ••  42.G  immediately  preceding  injection. 

Difference  in  non-protein  readings  before  and  after  -  22) ;  22}  X  8  X  2  =■  360. 

— —  635  =  636  plasma  volume  before  injection. 

635  /  0.425  -  1496  cc.  blood  volume. 

Mr.  Arnold  obtained  the  following  results  by  the  dye  method: 

Platnu  iDluiM  BlooimluiH* 

Before  injection 585  1416 

After  injection 901  1567 

In  addition  to  experiments  on  dc^  we  have  a  few  observations  on 
rabbits. 

With  these  animals  we  use  an  improvised  box  holder  with  side  holes 
through  which  the  ears  are  drawn.  Blood  is  obtained  from  the  marginal 
ear  vein  through  a  small  longitudinal  sht  made  with  a  safety  razor 
blade.  Collection  is  made  into  small  tubes,  one  for  plasma  and  one 
for  serum,  as  with  dogs.  Three  cubic  centimeter  hematocit  tubes  are 
made  from  sections  of  straight-sided,  graduated  10  cc.  pipettes;  one  end 
of  a  section  is  sealed  off,  and  the  graduations  subsequently  verified  or 
modified  if  necessary.  To  prevent  clotting  0.4  or  0.5  cc.  of  1.6  per  cent 
oxalate  solution  is  used  per  tube.  To  dilate  vessels  and  hasten  bleeding 
an  electric  light  bulb  held  almost  touching  the  ear  is  found  very  satis- 
factory. Injection  of  the  colloidal  material  is  made  into  any  available 
ear  vein  from  a  syrmge  with  a  small  needle,  and  collection  of  blood 
sample  after  mjection  made  from  the  mai^al  vein  of  the  opposite  ear. 
Using  this  technique  little  blood  need  be  taken,  and  many  determina- 
tions may  be  made  upon  the  same  animal  with  minimal  injury.  Table 
3  gives  the  results  on  four  rabbits. 

The  amounts  of  solution  injected  have  always  been  quite  small  and 
no  untoward  reactions  have  been  noted.  The  checks  with  dye  determi- 
nations differ  by  4.8  per  cent  to  11  per  cent. 
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The  large  ratio  of  blood  volume  to  weight  is  rather  interesting.  We 
think  that  without  doubt  the  blood  volume  as  determined  by  samples 
obtained  5  minutes  after  mjection  should  be  considered  the  most 
accurate.  Averaging  the  values  obtained  from  these  S^ninute  samples 
we  find  that  the  average  of  7.07  cc.  of  blood  per  100  grams  body  weight 
is  reduced  to  6.49.  Even  this  is  much  higher  than  the  values  usually 
accepted.  Meek  and  Gasser  (2)  give  an  average  of  5.44  per  cent  of  the 
body  weight,  and  other  observers  even  less. 

We  have  several  experiments  on  rabbits  where  blood  samples  were 
withdrawn  at  varying  intervals,  which  show  increasing  blood  volumes 
as  time  goes  on.  This,  of  course,  is  due  to  at  least  two  factors:  a, the 
actual  elimination  of  acacia,  and  b,  the  dilution  of  the  plasma,  presum- 
ably by  fluid  drawn  into  the  blood  stream  from  the  tissues  because  of 
increased  osmotic  pressure.  The  following  abbreviated  protocol  of 
experiment  XXXV  shows  the  changes  mentioned. 

BxperimerU  XXXV.     BU>od  voluTne.     August  16,  191S. 
lUbbit  III.    Weight  3176  grams. 

Injected  ID  cc.  gelatin  +  acacia  mixture  (reading  1: 12)  dilution  —  0.00172} 
and  3  cc.  of  0.9  per  cent  eolubioD  NaCl, 

I.  Sample  before  iajectioD.  Plasma  per  cent  ••  69,  (Removed  4.35  cc. 
blood).    Non-protein  readingsj     o^, 

II.  Sample  removed  6  minutes  after  injection.    Non-protein  readinp|o.g...?, 

III.  Sample  removed  16  minutes  after  injection.    Non-protein  readittgs<^g,., 

IV.  Sample  removed  30  minutea  after  injection.    Plasma  per  cent  =  61. 

,  .  ,.      /66''17i' 

Non-protem  readings^ 

V.  Sample  removed  1  hour  after  injection.  Plasma  per  cent  =  63.  Non- 
protem  readmgsj^^^gj, 

VI.  Sample  removed  20  hours  after  injection.    Plasma  per  cent  ~  61.7.    Non- 

..       f66°22' 
protein  readmgs^gg,^. 

Altogether,  23.27  cc.  blood  were  removed  in  10  samples. 

Calculating  as  in  previous  experiments  the  results  are  approximately: 
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It  will  be  noted  that  the  plasma  percentage  increased  for  at  least  an 
hour.  Such  variations  in  values  with  lapse  of  time  inclines  us  to  accept 
the  results  obtained  from  5-minute  samples.  This  probably  gives 
enough  time  for  mixing  and  a  minimal  time  for  elimination  and  dilution. 
The  reading  of  the  sample  after  20  hours  indicates  that  an  appreciable 
amount  of  injection  media  is  still  in  the  circulation.  We  have  numerous 
observations  of  a  similar  nature  showing  that  total  elimination  is  slow, 
and  corroborating  the  results  of  previous  workers. 

We  have  done  very  little  work  with  cats  because  of  a  scarcity  of 
animals.  Our  technique  has  been  to  inject  into  the  femoral  vein,  and 
withdraw  blood  from  the  femoral  artery  through  a  cannula.  Our 
experiments  are  so  few  in  number  that  we  consider  it  unwise  to  report 
these  experiments  at  this  time. 

DISCUSSION 

The  Golloid-refractometric  blood  volume  method  as  outlined  gives 
results  quite  ccsnparable  to  the  dye  methods,  and  to  Meek  and  Gasser's 
acacia  method.  This  method  requires  a  slightly  longer  time  to  complete 
than  the  dye  method  but  it  is  much  shorter  than  the  method  of  Meek 
and  Gasser.  A  routine  determination  can  be  finished  in  about  two 
hours. 

We  have  considered  reading  the  plasma  or  serum  difference  without 
preeipitatii^  the  proteins,  but  the  dilution  of  the  protein  content  makes 
such  determination  alt(%ether  unreliable.  An  alternate  possibility, 
however,  is  to  use  the  plasma  non-proteins,  which  necessitates  only  one 
blood  sample  before  injection  and  one  afterward.  A  serious  drawback 
to  such  a  procedure  is  that  the  samples  put  into  oxalate  solution  must 
be  measured  and  of  exactly  equal  volume  in  order  that  one  may  be 
read  against  the  other;  also  the  dilution  with  oxalate  must  be  consid- 
ered in  computations.  However,  this  method  can  be  employed  in 
conditions  in  which  the  blood  for  any  reason  fails  to  clot  or  clots 
incompletely. 

We  have  tried  double  blood  volume  determinations,  that  is,  on  the 
basis  of  two  separate  injections  at  short  intervals,  only  twice  (on 
rabbits)  and  then  without  success.  The  recovery  after  the  second 
injection  was  less  than  was  to  be  expected  in  these  instances.  We  can 
offer  no  explanation  of  this  failure;  probably  further  work  with  dogs  as 
well  as  rabbits  will  clear  up  the  difficulty. 

If  Meek  and  Gasser  (2)  can  recover  acacia  quantitatively  as  phloro- 
glucid  after  a  second  injection,  presumably  there  should  be  no  difficulty 
in  recognizing  it  refractometrically. 
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It  haa  occurred  to  us  that  the  transient  white  cloudy  precipitate 
formed  upoD  adding  dilute  acetic  acid  to  blood  serum  eontaining  acacia 
might  be  used  as  a  qualitative  method  in  studying  the  elimination  curve 
of  acacia  from  the  blood  stream. 

The  injection  media  and  materials  used  in  this  method  are  compara- 
tively cheap  and  are  always  available.  To  laboratories  equipped  with 
a  refractometer  we  offer  the  procedure  as  worthy  of  trial.  The  time 
needed  for  a  complete  determination  is  not  too  long  for  ordinary  work, 
the  individual  steps  are  relatively  simple,  and  the  results  compare 
favorably  with  those  obtained  by  other  methods.  A  point  of  consider- 
able advantage  is  the  small  amount  of  blood  needed  for  the  determi- 
nations; if  necessary,  accurate  results  should  be  obtained  with  one  cubic 
centimeter  of  serum  before,  and  one  after  injection,  and  a  micro-hemat- 
ocrit  reading.  Another  point  of  value  in  the  method  is  that  hemolysis, 
lipemia  and  cholemia  are  not  disturbing  factors. 


We  have  outlined  a  method  of  determining  blood  volume  which 
consists  essentially  in  reading  refractometrically  the  serum  non-protein 
increase  after  the  intravenous  injection  of  a  known  amount  of  acacia 
or  gelatin  solution,  or  a  mixture  of  the  two. 

By  this  method  we  have  found  in  the  dog  an  average  of  9.76  cc.  blood 
per  100  grams  body  weight.  In  the  rabbit  an  average  of  determinations 
using  samples  removed  5  minutes  after  injection  of  media  gives  a  volume 
of  6.49  cc,  per  100  grams  body  weight. 

Of  great  importance  is  the  fact  that  hemolysis,  lipemia  and  cholemia 
do  not  affect  the  accuracy  of  detenninations  by  this  method. 
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These  experiments  were  undertaken  in  order  to  determine  the  effect 
on  the  number  of  both  red  and  white  corpuscles  in  the  circulating  blood 
of  injections  of  splenic  extract.  It  is  believed  that  such  a  determination 
must  throw  some  light  on  the  possibility  of  the  presence  of  an  internal 
secretion  of  the  spleen  capable  of  affecting  formation  or  destruction  ot 
blood  corpuscles. 

For  reasons  stated  elsewhere  (I)  rabbits  were  used  in  all  cases  and, 
to  exclude  so  far  as  possible  changes  in  the  corpuscle  content  of  the 
blood  accompanying  digestion,  the  animal  being  used  was  deprived  of 
food  and  water  during  the  course  of  the  experiment.  The  procedure 
followed  was  to  make  an  initial  count  of  both  red  and  white  corpuscles 
and  then  to  inject  subcut&neously  the  desired  dme  of  splenic  preparation. 
The  dose  was  dissolved  in  physiological  sahne  solution  and  wanned  to 
37°C.  before  injection.  Subsequent  red  and  white  corpuscle  counts 
were  made  at  half-hour  intervals  during  the  first  two  or  three  hours 
after  injection  and  a  finaJ  count  was  made  four  or  five  hours  from  the 
banning  of  the  experiment.  The  diluting  fluids  used  in  making  the 
corpuscle  counts  were  0.7  per  cent  sodium  chloride  solution  for  the 
erythrocytes  and  0.5  per  cent  acetic  acid  for  the  leucocytes.  The 
counts  were  made  in  the  usual  manner  with  Levy  haemacytometers. 

In  the  first  series  of  experiments  the  preparation  employed  was 
powdered  dried  spleen,  prepared  by  Armour  and  Company,  one  gram 
of  which  is  said  to  represent  approximately  five  grams  of  fresh  spleen 
(^  the  calf.  The  dose  used  was  10  mgm.  of  this  powder  per  kilogram 
of  body  weight  of  the  rabbit,  dissolved  in  about  2  cc.  of  physiological 
saline  solution  and  injected  subcutaneously.  The  protocol  of  a  typical 
experiment  of  this  group  follows: 
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Experiment  Z,  November  S,  IBIS 

10.42  a.m.  Red  blood  corpuscles  7,264,000  per  cubic  millimeter.    White  blood 

corpuscles  9,200  per  cubic  millimeter. 
10.45  a.m.  10  mgm.  powdered  dried  apleen  (Armour  and  Company)  per  kilogram 

of  body  weight  injected  aubcutaneouely. 
U.IS  a.m.  Red  blood  corpuscles  6,800,000  per  cubic  millimeter.    White  blood 

corpuscles  7,000  per  cubic  millimeter. 
11.45  a.m.  Red  blood  corpuscles  6,440,000  per  cubic  millimeter.    White  blood 

corpuscles  7,000  per  cubic  millimeter. 
12.15  p.m.  Red  blood  corpuscles  6,704,000  per  cubic  millimeter.    White  blood 

corpuscles  6,200  per  cubic  millimeter. 
12.45  p.m.  R«d  blood  corpuscles  6,044,000  per  cubic  millimeter.    White  blood 

corpuscles  7,200  per  cubic  millimeter. 
2.45  p.m.  Red  blood  corpuscles  6,976,000  per  cubic  millimeter.    WhiU  blood 

corpuscles  14,100  per  cubic  millimeter. 
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There  are  ten  experiments  in  this  group,  in  each  of  which  the  result 
was  practically  the  same — a  slight  reduction  in  the  red  corpuscle  count 
of  short  duration  (table  1),  a  prompt  reduction  in  the  number  of  white 
corpuscles  followed  in  several  hours  by  a  considerable  leucocytdsis. 
The  change  in  the  leucocyte  count  is  identical  with  the  effect  described 
by  Wells  (2)  and  others  as  following  upon  the  subcutaneous  injection 
of  any  foreign  protein  and  can  not,  therefore,  be  considered  a  specific 
effect  of  spleen  unless  it  is  still  obtained  after  the  adnainistration  of  a 
protein-free  preparation. 
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We  attempted  to  obtain  a  protein-free  splenic  preparation  by  pre- 
cipitation with  alcohol.  A  2.5  per  cent  solution  in  distilled  water  of 
the  powdered  dried  spleen  was  made  and  poured  in  a  thin  stream  into 
absolute  alcohol.  The  proportion  of  solution  to  alcohol  used  was  so 
arranged  that  the  resulting  mixture  always  contained  at  least  SO  per 
cent  of  alcohol.  The  precipitate  thus  formed  was  filtered  oflf  and  the 
alcoholic  filtrate  evaporated  to  dryness  on  a  water  bath.  Five  grams 
of  the  powdered  spleen  yielded  1.5  grams  of  final  residue  or  about  60 
mgm.  per  gr^n  of  fresh  spleen.  While  realizing  that  this  residue  is 
very  probably  not  rendered  absolutely  protein  free  by  the  method 
employed,  we  will  for  convenience  speak  of  it  hereafter  as  protein-free 
splenic  preparation  {Armour  and  Company).  In  the  second  series  of 
experiments  this  residue  was  used  in  the  dose  of  10  mgm.  per  kilogram 
of  body  weight  of  the  rabbit.  The  protocol  of  one  of  the  experiments 
of  this  group  follows : 

Experiment  H,  January  t7,  1919 

10.20  a.m.  R«d  blood  corpuscles  6,960,000  per  cubic  millimeter.    White  blood 

corpuscles  7,000  per  cubic  niJUiineter. 
10.25  a.m.  10  mgm.  protein-free  splenic  preparation  (Armour  and  Company)  per 

kilogram  of  body  weight  injected  subcataneouEly. 
10.55  a.m.  Red  blood  corpuscles  5,712,000  per  cubic  millimeter.    White  blood 

corpuscles  8,400  per  cubic  millimeter. 
11.25  a.m.  Red  blood  corpuscles  5,632,000  per  cubic  millimeter.    White  blood 

corpuscles  7,000  per  cubic  millimeter. 
11.55  a.m.  Red  blood  corpuaclea  6,816,000  per  cubic  millimeter.    White  blood 

corpuscles  8, GOO  per  cubic  millimeter. 
12.25  p.m.  Red  blood  corpuscles  6,624,000  per  cubic  millimeter.    White  blood 

corpuscles  11,600  per  cubic  millimeter. 
12.55  p.m.  Red  blood  corpusnles  6,816,000  per  cubic  millimeter.    White  blood 

corpuscles  8,200  per  cubic  millimeter. 
2.55  p.m.  Red  blood  corpuscles  7,200,000  per  cubic  millimeter.    White  blood 

corpuscles  6,800  per  cubic  millimeter. 

Again  we  find  that  the  red  corpuscle  count  decreased  following  the 
injection  (table  2),  the  decrease  in  these  experiments  being  much  more 
marked  and  more  persistent  than  in  the  first  series.  The  characteristic 
effect  of  foreign  protein  injections  on  the  white  corpuscles  is  no  longer 
in  evidence.  On  the  other  hand,  an  increased  leucocyte  count  of  brief 
duration  is  recorded  in  every  experiment,  occurring  at  or  about  the 
time  of  maximum  decrease  of  the  red  corpuscles  (table  3).  We  feel 
justified,  therefore,  in  concluding  that  the  effect  on  the  erythrocyte 
count  at  least  is  a  specific  effect  of  the  splenic  preparation  employed. 
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We  now  proceeded  to  make  freed  extracts  of  the  spleen  of  dogs  and 
oats.  The  fresh  spleen  was  ground  with  sand  and  macerated  over 
night  with  twice  its  bulk  of  physiological  saline  solution.    The  pr^>ara- 


in  erythrocyte  cmml  after  injection  of  protein-free  iplenie  preparation 
(Armour  artd  Company),  lOmgm.  per  kilogram  of  body  weight 
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Increase  in  lewsoeyte  cowti  after  injection   of   prolnn-frie  tjdenie  preparation 
{Armour  and  Company),  10  mgm.  per  hilogram  of  body  weight 
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tioD  was  then  strained  through  muslin  and  filtered.  The  filtrate  was 
poured  in  a  thin  stream  into  absolute  alcohol,  care  again  being  taken 
not  to  reduce  the  alcohol  below  80  per  oent.    The  precipitate  was 
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filtered  off  and  the  alcoholic  extratrti  evaporated  to  dryness  on  the  water 
bath.  We  obtained  from  dog's  spleen  about  26  mgm.  of  final  residue 
per  gram  of  fresh  spleen  and  from  cat's  spleen  about  10  mgm.  per  gram 
of  fresh  spleen. 

Five  experiments  were  performed  in  each  of  which  10  mgm.  of  the 
extract  of  dc^'s  spleen  per  kilogram  of  body  weight  were  injected  sub- 
cutaneously,  and  two  experiments  in  each  of  which  a  similar  dose  of 
the  extract  of  cat's  spleen  was  administered.  The  results  so  far  as  the 
red  corpuscles  are  concerned  are  shown  in  tables  4  and  5. 
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TABLES 

Decreoie  in  erythrocyte  etmrU  after  injection  of  extract  of  eal't  tjAun,  10  mfrm.  per 
kilogram  of  body  teeight 
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In  both  groups  of  experiments  there  occurred  a  decrease  in  the  red 
corpuscle  count  simUar  to  that  described  following  the  administration 
of  the  splenic  preparations  (Armour  and  Company).  Furthermore,  in 
the  experiments  with  extract  of  dog's  spleen  a  transient  increase  in 
the  leucocytes  appeared  at  about  the  time  the  red  corpuscles  were 
decreased  to  the  greatest  extent  (table  6).  Such  a  change  in  the  white 
■corpuscle  count  was  not  observed,  however,  after  the  injection  of  extract 
of  cat's  spleen. 


lizcdbyGoOi^Ie 


ARDRET  W.  DOWNS  AND  NATHAN  B.  EDDT 


Inereate  in  the  leucocyte  count  after  injection  of  extract  oj  dog's  spleen,  10  mgm.  per 
kilogram  of  body  weight 
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n  erythrocyte  count  after  injection  of  extract  of  dog's 
kilogram  of  body  weight 
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Tbeee  results  establish  the  presence  in  the  splenic  preparations  of  an 
agent  capable  of  reducing  by  some  means  the  number  of  red  corpuscles 
in  the  circulating  blood.  Is  this  effect  quantitative,  that  is,  can  it 
be  increased  by  increasing  the  dose  of  the  splenic  preparation?  To 
determine  this  point  ten  additional  experiments  were  carried  out.  In 
five  of  these  20  mgm.  of  the  extract  of  dog's  spleen  per  kilogram  of 
body  weight  were  injected  subcutaneously.  In  the  other  five  experi- 
ments 40  mgm.  of  the  same  preparation  per  kilogram  of  body  weight 
were  injected.  The  results  of  these  injections  on  the  number  of  red 
corpuscles  are  shown  in  tables  7  and  8. 

The  dose  of  10  mgm.  of  extract  of  d(^'s  spleen  per  kilc^iram  of  body 
weight  decreased  the  erythrocyte  count  21.47  per  cent;  the  dose  of  20 
mgm.  per  kilogram  decreased  the  count  31.02  per  cent;  the  dose  of  40 
mgm.  per  kil<^am  decreased  the  count  23.88  per  cent.  It  would  seem 
from  this  that  the  effect  is  not  entirely  prc^^ressive,  but  further  con- 
sideration will  be  given  to  this  point  later. 

If  the  decrease  in  the  number  of  red  corpuscles  in  the  circulating 
blood  is  the  result  of  a  direct  destructive  action  exerted  by,  the  splenic 
agent  on  the  corpuscles,  it  should  be  possible  to  cause  their  destruction 
by  bringing  them  into  contact  with  this  agent  outside  of  the  body.  We 
tried  to  determine  whether  this  could  be  done  by  the  procedure  now  to 
be  described.  Specimens  of  blood  from  an  ear  vessel  of  a  rabbit  were 
obtained  simultaneously  in  two  haemacytometer  pipettes  in  the  usual 
manner.  The  blood  in  one  pipette  was  then  diluted  with  0.7  per  cent 
sodium  chloride  solution  while  the  blood  tn  the  other  was  diluted  with 
0.7  per  cent  sodium  chloride  solution  in  which  was  dissolved  extract 
of  dog's  spleen  in  definite  amount.  Several  successive  drops  of  diluted 
blood  from  each  pipette  were  counted  and  the  counts  from  each  averaged 
and  compared.  In  order  to  have  a  check  on  any  difference  in  their 
accuracy  the  pipettes  and  counting  chambers  after  thorough  cleansing 
were  alternated  and  new  specimens  of  blood  from  the  same  animal 
secured  and  counted.    Counts  made  in  this  way  showed  close  agreement. 

According  to  Meek  and  Gasser  (3)  the  average  volume  of  the  blood 
in  the  rabbit  is  100  cc.  (5  per  cent  of  body  weight) .  Assuming  complete 
absorption  after  the  subcutaneous  injections  the  maximum  amount  of 
splenic  extract  which  could  be  present  in  the  blood  at  any  time  would 
be  about  20,  40  or  80  mgm.  per  100  cc.  of  blood  for  the  doses  of  10,  20 
or  40  mgm.  per  kilogram  of  body  weight.  On  this  basis  we  made 
determinations  using  dilutions  of  20,  40,  80  and  120  mgm.  per  100  oo. 
of  0.7  per  cent  sodium  chloride  solution.    The  results  of  these  observa- 
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tiona  are  given  in  table  9.  A  considerable  decrease  in  the  red  corpus- 
cle count,  which  can  hardly  be  explained  in  any  other  way  than  as  a 
direct  haemolytic  effect  of  the  Bplenic  extract,  was  obtained.  Also 
the  effect  was  progressive  so  far  as  these  observations  go. 

A  number  of  investigators  have  sought  for  direct  haemolytic  action 
of  splenic  extracts  outside  of  the  body.  Noif  (4),  Weil  (5),  Banti  (6) 
and  liHimo  (7)  obtained  positive  results,  but  Achard,  Fmx  and  Salin  (8), 
Widal,  Abrami  and  Brul6  (9)  and  Krumbhaar  and  Museer  (10)  were 
unable  to  det«ct  any  direct  haemolytic  action  of  fresh  extract  of  spleen. 
In  these  observations  the  splenic  extract  was  allowed  to  act  upon  washed 
red  corpuscles  rather  than  whole,  freshly  drawn  blood.  It  is  probable 
that  washing  the  corpuscles  removes  the  weaker  ones  and  retains  only 
the  more  resistant,  which  the  splenic  substance  is  unable  to  destroy. 
If  the  haemolytic  substance  in  the  extract  of  spleen  is  capable  of  sttack- 
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ing  the  less  resistant  corpuscles  only  we  can  understand  how  it  was 
that  in  the  experiments  just  quoted  no  reduction  of  reds  was  observed, 
whereas,  in  our  experiments,  in  which  fresh  whole  blood  was  used,  a 
marked  diminution  in  their  number  took  place. 

Zelenski  (11)  in  1891  and  Danilewaki  (12)  in  1895  were  able  to  cause 
a  marked  increase  in  the  number  of  red  corpuscles  in  the  circulatii^ 
blood  and  also  in  the  haemoglobin  content  of  the  blood  following  a 
eingle  intraperitoneal  injection  of  splenic  extract.  Paton,  GuUand  and 
Fowler  (13)  repeated  their  experiments  without  being  able  to  detect 
any  change  in  the  erythrocytes.  Silvestri  (14)  believed  that  he  obtained 
an  increase  in  the  red  corpuscle  content  of  the  blood  in  anaemia  by 
the  use  of  injections  of  splenic  extract.  Krumbhaar  and  Musser  (10) 
also  were  able  to  bring  about  an  increase  in  the  erythrocyte  coimt  and 
haemoglobin  content  by  the  injection  of  fresh  splenic  extract.     This 
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increase  lasted  one  or  two  days  and  could  be  re-obtained  by  repeating 
the  doae. 

In  each  of  these  cases  a  blood  count  was  not  made  until  the  day  fol- 
lowii^  the  injection,  whereas  our  counts  were  begun  immediately  after 
the  injection  and  continued  at  short  intervals  for  several  hours.  It 
was  at  this  time  the  decrease  noted  by  us  occurred  (see  tables  1,  2,  4, 
5,  7  and  8  for  duration  of  effect).  However,  we  have  noted  that  when 
an  animal  was  used  for  a  second  experiment  after  the  lapse  of  a  few 
days  its  initial  red  corpuscle  count  was  frequently  higher  than  it  had 
been  before  any  of  the  extract  was  administered.  The  initial  count 
in  experiment  21  is  7,216,000.  A  few  days  later  this  rabbit  was  used 
again,  experiment  30,  and  then  its  initial  red  corpuscle  count  was 
9,632,000;  nevertheless  a  considerable  decrease  in  the  erythrocyte  count 
(38.87  per  cent)  was  promptly  brought  about  by  the  injection  of  splenic 
extract. 

The  bone  marrow  usually  responds  to  a  lowering  by  hemorrhage  and 
other  means  of  the  number  of  corpuscles  in  the  circulating  blood  by 
increased  production  of  new  corpuscles,  so  that  in  the  present  instance, 
where  the  immediate  effect  of  the  splenic  f^ent  is  a  decreased  erythro- 
cyte count,  it  is  reasonable  to  expect  subsequently  increased  production. 
This  compensation  might  very  possibly  exceed  the  loss  especially  if,  as 
has  been  claimed  by  Stradomsky  (15),  the  product  of  splenic  activity, 
in  addition  to  acting  directly  to  destroy  red  corpuscles,  exerts  a  stimu- 
lating influence  on  the  bone  marrow.  The  results  obtained  in  the  group 
of  experiments  in  which  40  mgm.  of  splenic  extract  per  kilogram  of 
body  weight  were  injected  subcutaneously  (table  8)  are  in  accord  with 
this  idea  of  compensatory  action  on  the  part  of  the  bone  marrow.  The 
table  shows  that  in  this  series  of  experiments  the  percentage  decrease 
and  the  duration  of  effect  were  both  less  than  when  the  dose  was  only 
20  mgm.  per  kilogram  (table  7).  It  is  possible  that  the  greater  the 
amount  of  haemolytic  agent  present  the  more  prompt  and  more  marked 
is  the  compensating  response.  It  is  more  probable  that  Stradomaky's 
idea  is  correct  and  that  the  stimulating  element  of  the  splenic  extract 
becomes  predominant  in  the  larger  doses  where  it  is  undoubtedly  com- 
bined with  the  independent  effort  of  the  bone  marrow  to  replace  the 
corpuscles  that  are  being  rapidly  destroyed. 

It  is  also  possible  that  the  effect  described  may  be  due  to  a  depression 
of  the  haematopoietic  activity  of  the  bone  marrow  by  the  splenic 
extract,  or  to  a  temporary  withdrawal  of  red  corpuscles  from  the  circu- 
lation. Such  assumptions,  however,  are  unsupported  by  any  evidence 
of  which  we  are  aware. 
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We  believe  our  results  indicate  the  existence  in  the  spleen  of  two 
substauceB  exerting  an  influence  on  the  number  of  red  corpuscles  in 
the  circulating  blood — one,  a  direct  haemolytic  agent,  acting  particularly 
upon  the  older  and  less  resistant  corpuscles;  the  other,  an  ^ent  stimu- 
lating the  production  of  new  corpuscles  by  the  bone  marrow  to  replace 
the  ones  destroyed ;  both  operating  to  keep  the  mass  of  corpuscles  in 
circulation  of  the  most  efficient  quaUty.  Further  research  in  this 
connection  is  being  undertaken. 

CONCLUSIONS 

•  1.  The  subcutaneous  injection  of  protein-free  splenic  extract  is  fol- 
lowed inomediately  by  a  decrease  in  the  number  of  erythrocytes  in  the 
circulating  blood. 

2.  The  decrease  is  temporary. 

3.  The  decrease  is  probably  due  to  a  direct  haemolytic  action  of  the 
splenic  agent. 

4.  The  decrease  is  frequently  accompanied  by  a  very  transient  in- 
crease in  the  number  of  white  corpuscles. 

We  wish  to  acknowledge  the  assistance  rendered  by  Mr.  B.  D.  Usher 
in  the  conduct  of  these  experiments. 

The  expenses  of  this  research  were  defrayed  in  part  by  a  grant  from 
the  James  Cooper  Fund  for  Internal  Medicine. 
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The  experiments  on  dogs,  the  results  of  which  are  recorded  below, 
are  part  of  a  series  undertaken  to  study  the  relationship  between  the 
pulmonary  and  the  systemic  blood  pressures  during  distention  of  the 
lun^.  The  endeavor  was  to  distend  the  lungs  while  eliminating  as 
many  as  possible  other  respiratory  factors  which  might  influence 
blood  pressure.  To  maintain  distention  of  the  lungs  the  entire  animal 
was  placed  in  a  pletbyamograph  from  which  air  could  be  exhausted  and 
through  the  wall  of  which  passed  a  tube  allowing  tracheal  commimi- 
CE^tion  with  the  outside  air.  Similar  tubes  permitted  exterior  con- 
nection to  recording  manometers  (1). 

With  distention  of  the  lungs  brought  about  by  this  method  there 
was  found  to  exist  a  surprisingly  constant  effect  upon  the  carotid 
blood  pressure  which  could  be  predicted  for  the  degree  of  exhaustion 
of  the  plethysmi^aph.  With  very  alight  distention  of  the  iimgs, 
there  occurred  a  small  rise  in  blood  pressure;  with  greater  distention 
a  marked  fall,  and  with  sufficient  distention  the  blood  pressure  fell  to 
within  a  few  millimeters  of  the  zero  of  the  manometer  and  carotid 
pulsations  ceased.  These  phenomena,  in  view  of  the  fact  that  the 
heart  continued  beating  vigorously  during  their  occurrence,  indicate 
a  mechanical  blocking  of  the  circulation  in  the  blood  vessels  of  the 
iimgs;  that  this  blocking  is  due  to  occlusion  of  the  pulmonary  capillaries 
is  further  evidenced  by  a  rise  in  pulmonary  arterial  pressure.  In  the 
more  extreme  degrees  the  Imnen  of  the  pulmonary  capillaries  was 
sufficiently  reduced  to  prevent  the  passage  of  blood  causing  a  rise  in 
pressure  in  the  pulmonary  artery  sufficient  to  distend  the  right  heart. 
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The  degree  of  negative  pressure  necesaary  to  obliterate  the  lumen 
of  the  pulmonary  vessels  may  be  taken  as  a  measure  of  the  pulmonary 
arterial  blood  pressure.  To  use  this  method  for  an  actual  determin- 
ation of  the  pulmonary  blood  pressure  it  is  necessary  merely  to  deter- 
mine the  minimal  negative  plethysmi^raphic  pressure  that  will  cause 
disappearance  of  the  pulse  in  the  carotid  artery.  This  degree  of 
pressure  can  also  be  estimated  by  comparing  the  plethysmograpbic 
pressure  with  the  blood  pressure  and  determining  the  point  where  the 
fluctuation  in  one  is  equal  to  the  fluctuation  in  the  other.  Both  con- 
ditions indicate  zero  carotid  pressure  resulting  from  obstructed  pul- 
monary capillaries.  A  more  accura,te  method  is  to  record  the  intra- 
thoracic pressure  for  comparison  with  the  negative  plethysmograpbic 
pressure.  In  view  of  the  fact  that,  by  this  method,  the  ^ress  of  blood 
"fTom^he  puhnonHry  arterial  inrcuit  is  prevented,  the  estimate  of  pul- 
monary arterial  pressure  indicates  the  maximum  pressure  attainable 
in  this  system,  and  our  figures  in  consequence  are  considerably  above 
the  average  usually  given  for  pulmonary  arterial  blood  pressure.  They 
really  indicate  the  maximimti  efficiency  of  the  right  ventricle  to  over- 
come resistance.  The  rise  in  pulmonary  blood  pressure  will  be  dis- 
cussed in  a  subsequent  paper. 

Results  of  experitnentation.  Since  blood  pressures  and  plethysmo- 
graphic  pressures  were  recorded  by  mercury  manometers,  the  readings 
in  millimeters  of  mercury  on  the  unreduced  tracing  have  been  multi- 
plied by  2  for  correct  detcnninations- of  pressure  changes. 

Experimental  results  are  reproduced  in  figure  1;  the  sections  of  the 
tracing  being  characteristic  parts  from  a  series  of  thirty-one  tests 
made  on  a  single  animal.  It  is  noted  that  a  fall  in  plethysmographic 
pressure  produced  a  synchronous  fall  in  blood  pressure.  This  drop 
in  blood  pressure  was  always  greater  than  the  corresponding  decrease 
in  plethysmographic  pressure.  Any  variation  in  plethysmographic 
pressure  produced  a  corresponding  change  in  carotid  pressure.  When 
the  plethysmographic  pressure  returns  to  the  atmospheric  level,  the 
carotid  blood  pressure  rises  to  a  level  higher  than  that  which  obtained 
prior  to  the  experiment;  this  rise  is  only  transient,  however. 

The  last  three  sections  of  the  tracing  show  that  there  is  a  decrease 
in  pulse  pressure  during  the  distention  of  the  lungs  and  that  there  is 
also  an  absence  of  all  respiratory  waves  in  the  blood  pressure  curve 
due  to  reflex  apnoea.  A  comparison  of  the  pulse  pressure  in  C  previous 
to  the  experimental  distention  of  the  lungs  with  that  in  F  shows  that 
there  is  an  increase  notwithstanding  the  tact  that  the  animal  had  been 
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given  considerable  time  in  which  to  recover  under  normal  atmospheric 
conditions  from  the  effects  of  the  previous  experiments.  This  increase 
in  pulse  pressure  after  the  performance  of  several  experiments  upon 
an  animal  is  a  characteristic  to  be  noted  on  a  large  proportion  of  all 
tracings  as  is  also  the  accompanying  slow  pulse  rate.  Two  tracings 
are  shown  in  F  at  nearly  the  same  plethysmographic  pressures;  in  the 
first  of  these  the  ptethysmographic  pressure  was  held  constant  after 
the  maximum  reduction  in  pressure,  then  suddenly  released.  In  the 
second,  the  plethysmographic  pressure  was  varied  and  the  carotid 
pressure  shows  corresponding  variations  even  at  the  low  pressure  level 


Fig.  I.  Experiment  of  Deceoiber  4,  1919.  Dog  of  7}  kilo.  Ether.  Time 
every  ten  Beconde.    A,  C&rotid  blood  pieeaure  recorded  by  mercury  mooometer. 

B,  Abscissa  tor  carotid  blood  presaure  which  is  62  mm.  above  the  time  record. 

C,  Pressure  in  plethysmograph  recorded  by  mercury  manometer. 

at  which  these  variations  occurred.  It  will  be  noted  that  in  each  ■ 
instance  the  variations  in  carotid  pressure  are  greater  than  the 
corresponding  variations  in  plethysmographic  pressure.  So  consis- 
tently has  this  occurred  with  all  negative  pressures  insufficient  to 
completely  occlude  the  pulmonary  capillaries,  that  a  fall  in  carotid 
pressure  equal  to  the  fall  in  plethysmographic  pressure  has  been  taken 
as  an  indication  of  pulmonary  occlusion  resulting  in  a  depleted  systemic 
arterial  circulation  and  consequent  zero  arterial  pressure. 

The  results  of  another  procedure  are  shown  in  figure  2.  In  this 
experiment  the  pressure  in  the  plethysmograph  was  gradually  decreased 
to  —94  mm.  of  mercury  and   subsequently  slowly  returned  to  the 
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atmOBpheric  pressure.  Here  again  it  is  noted  that  the  fall  id  carotid 
pressure  is  not  at  all  in  proportion  to  the  negative  pressure  in  the 
plethysmograph  until  the  point  marked  with  the  arrow  is  reached.  It 
is  at  this  point  that  the  heart  beats  failed  to  record  on  the  carotid 
pressure  tracing,  althoi^htheheart  was  vigorously  beating  at  this  time. 
Beyond  this  point  to  the  point  of  release  of  pletbysmographic  pressure 
the  two  curves  maintain  practically  an  equal  distance  by  vertical 
measurement  between  them,  there  beii^  a  difference  of  only  2  mm. 
The  maintenance  of  this  constant  distance  between  the  two  curves, 
vertically  measured,  indicates  that  during  this  part  of  the  experiment 


Fig.  2.  Experiment  of  December  1, 1916.  Dog  about  7.5  kilo.  Ether.  Time 
every  second.  A,  Carotid  blood  preaBure  recorded  by  mercury  manometer.  B, 
Abscissa  for  carotid  blood  pressure  which  is  121  mm.  above  the  time  record.  C, 
Preeaure  in  plethysmt^aph  recorded  by  mercury  manometer.  Arrows  indicate 
points  of  disappearance  and  reappearance  of  pulse  waves  in  unreduced  tracing. 
Cross  indicatea  point  at  which  the  plethyamographic  pressure  was  finally  re- 
leased.   Circle  indicates  an  oscillation  common  to  many  tracings. 

the  fall  in  carotid  pressure  is  due  exclusively  to  the  fall  in  pletbysmo- 
graphic pressure  and  not  to  changes  in  the  animal's  blood-pressure 
mechanism.  In  other  words,  the  puhnonary  circulation  is  completely 
blocked  and  there  is  a  consequent  complete  failure  in  the  systemic 
circulation.  The  degree  of  negative  pressure  necessary  in  this  experi- 
ment to  occlude  the  pulmonarj-  vessels  measured  on  the  original  tracing 
■(from  the  point  where  the  two  curves  commence  to  maintain  an  equal 
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vertical  distance  between  them)  was  found  to  be  40  nun,  which,  multi- 
plied by  2,  equals  approximately  the  maximum  pulmonary  arterial 
pressure  obtainable  in  this  animal  under  the  favorable  conditions  of 
occluded  peripheral  pulmonary  vessels. 

On  the  gradual  release  of  the  plethysmographic  pressure,  reSstab- 
lishment  of  the  systemic  circulation  takes  place,  and  the  heart  beats 
i^ain  show  at  the  point  indicated  by  the  second  arrow.  It  is  at  this 
point  that  the  rise  in  carotid  blood  pressure  becomes  greater  than  the 
corresponding  rise  in  plethysmi^raphic  pressure.  The  systemic  circu- 
lation does  not  become  reestablished  until  a  level  of  plethysmographic 
pressure  considerably  higher  than  that  necessary  to  deplete  it  has  been 
obtained.  The  probable  explanation  of  this  lies  in  the  fact  that  the 
cardiac  muscle  has  suffered  during  the  period  of  depleted  systemic 
circulation  of  trhich  the  coronary  arteries  are  a  part.  The  b^h  pulmo- 
nary arterial  pressure  and  consequent  high  intraventricular  pressure 
on  the  right  side  of  the  heart  which  under  these  conditions  persists 
even  during  the  ventricular  diastole  is  an  added  factor  preventing  the 
transmission  of  blood  throi^h  the  right  heart  muscle  itself.  A  systemic 
diastolic  pressure  higher  than  the  right  ventricular  diastoUc  pressure 
is  necessary  for  the  circulation  of  the  blood  through  the  muscle  of  the 
right  heart.  The  time  factor  is  therefore  of  importance  and  to  eliminate 
cardiac  failure  as  a  cause  in  the  fall  in  carotid  pressure  the  duration  of 
an  experiment  must  be  short.  When  the  blood  pressure  approaches 
its  pre-experimental  level  a  variation  is  seen  (circle)  which  might  well 
be  due  to  the  fact  that  the  left  heart  is  no  longer  flooded  with  the  excess 
blood  which  had  been  retained  in  the  pulmonary  arteries  by  the  cap- 
illary obstruction  due  to  distention  of  the  lungs.  A  reflex  apnoea  is 
evidenced  by  the  absence  of  respiratory  waves  until  the  plethysmo- 
graphic pressure  again  reaches  that  of  the  atmospheric  pressure  at  the 
point  marked  -|- . 

The  results  of  49  typical  experiments  upon  five  dogs  are  given  in 
table  1  and  the  curves  plotted  from  these  data  shown  in  figure  3.  The 
graph  is  so  drawn  as  to  show  the  fall  in  carotid  pressure  (ordinates) 
caused  by  given  changes  in  plethysmographic  pressures  (abscissae) 
which  range  from  zero  to  a  negative  pressure  of  118  mm.  of  mercury. 
The  dots  indicate  plethyBmographic  pressures  and  the  circles  the  fall 
in  ofirotid  blood  pressure  resulting  from  these  negative  pressures. 

In  plottii^  the  fall  in  carotid  pressure  due  to  a  given  decree  of  n^^ 
tive  plethysmographic  pressure,  the  fact  has  been  taken  into  consider^ 
ation  that,  had  the  condition  of  the  animal's  circulation  remained 
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Fig.  3.  CompoBile  plotted  curves  (S  doga)  showing  typical  behavior  of  caiotid 
pressure  during  forty'iiine  observations  at  varying  degrees  of  negative  plethys- 
taographic  pressure.  CiTclee  indicate  corrected  fall  in  blood  pressure.  Dota 
indicate  plethysmographic  pressure.  Ordinates  indicate  fall  in  carotid  pr«s- 
Buree.  Abscissae  indicate  negative  plethysmographic  pressures.  Broken  line 
represents  averse  curve  of  uncorrected  fall  in  carotid  pressure.  Unbroken 
line  represents  average  curve  of  corrected  fall  in  carotid  pressure. 
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unchanged,  the  fall  ia  carotid  pressure  would  have  equalled  tlie  faO  in 
plethyemc^raphic  pressure,  since  both  manometers  were  affected  by  the 
B&me  variations  within  the  plethysDK^raph.  The '  fall  in  carotid 
pressure  in  excess  of  that  in  the  plethysmt^aph  shows  that  circulatory 
changes  also  occurred  within  the  animal.  The  difference  between  the 
'  plethjrsmographic  and  carotid  falls,  therefore,  indicates  the  extent  trf 
these  changes,  and  it  is  this  difference  representing  the  changes  brought 
about  in  the  animal's  circulatory  mechanism  which  has  been  plotted 
as  the  corrected  fall  in  carotid  blood  pressure. 

From  these  data  we  have  plotted  an  average  curve  (unbroken  line) 
for  all  n^ative  pressures  between  aero  and  118  mm.  of  mercury.  An 
additional  average  curve  (broken  line)  of  fall  in  carotid  blood  pressure 
has  also  been  drawn  to  show  the  fall  without  the  correction  made  in  the 
first  curve. 

Both  of  the  average  curves  serve  as  a  measure  of  the  maximum 
pulmonary  pressure  obtainable  under  the  conditions  of  distended  lungs 
and  blocked  pulmonary  peripheral  vessels.  It  has  been  shown  in 
previous  figures  that  the  carotid  blood  pressure  undergoes  a  greater 
variation  than  does  the  plethysmographic  pressure,  provided  that  the 
plethysmographic  n^^tive  pressure  is  not  sufficient  to  cause  a  complete 
blocldng  of  the  pulmonary  capillaries  as  a  result  of  which  the  carotid 
blood  pressure  equals  zero.  The  minimal  negative  pressure  which 
causes  a  complete  blocking  in  the  pulmonary  vessels  is  estimated  at 
the  point  where  the  carotid  curve  commences  to  show  variations  equal 
to  instead  of  in  excess  of  that  of  the  plethysmograph.  In  the  uncor- 
rected (broken  line)  curve  of  carotid  blood  pressure  the  pomt  at  which 
this  curve  ia  parallel  to  that  of  the  plethysmc^raphic  pressure  is  the 
index  of  the  maximum  pulmonary  blood  pressure.  The  degree  of 
n^ative  pressure  in  the  plethysmograph  necessary  to  produce  this 
parallelism  is  85  mm.  of  mercury.  In  the  corrected  curve  (unbroken 
line)  the  index  is  the  d^ree  of  negative  plethysmt^raphic  pressure 
necessary  to  produce  parallelism  between  the  carotid  curve  and  an 
abscissa' line,  since  the  plethj^mographic  negative  pressure  was  sub- 
tracted from  the  fall  in  carotid  blood  pressure  before  drawing  the  curve. 
It  will  be  noted  that  the  plethysmographic  pressure  necessary  to 
produce  the  latter  parallelism  is  the  same  as  in  the  corrected  curve,  . 
85  mm,  of  mercury. 

A  further  analysis  of  the  corrected  fall  in  carotid  blood  pressure 
shows  that  with  very  slight  negative  plethysmographic  pressures  (zero  to 
5  mm.  of  mercury)  the  average  carotid  pressure  shows  a  small  rise.     The 
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actual  ffJl  in  intrathoracic  pressure  is  assumed  to  be  less  than  the  fall 
in  plethysmographic  pressure,  because  the  latter  must  overcome  the 
resistance  offered  by  the  elasticity  of  the  lungs  before  it  can  affect  the 
fOTmer.  It  is  for  this  reason  that  5  mm.  of  mercury  is  referred  to  aa  a 
slight  n^^tive  plethysmographic  pressure.  With  a  fall  of  from  5  to 
10  mm.,  OD  the  other  hand,  the  blood  pressure  shows  an  actual  fall  but 
not  to  the  same  extent  as  the  plethysmographic  pressure.  With  still 
greater  negative  plethysmographic  pressures,  10  mm.  to  118  mm.,  the 
aven^  blood  pressure  curve  falls  to  a  much  greater  extent  than  the 
plethysmographic,  the  maximum  fall  of  128  mm.  being  attained  with  a 
plethysmogr^hic  pressure  fall  of  85  mm.  Variations  in  the  fall  of 
carotid  pressure  are  probably  due  to  differences  in  lui^  elasticity  in 
different  animals  and  to  differences  in  initial  blood  pressure. 

When  the  negative  plethysmbgraphic  pressures  are  increased  below 
86  mm.,  the  fall  in  blood  pressure  grows  proportionately  less  and  finally 
the  blood  pressure  begins  to  rise.  Emphysema  and  pneumothorax 
which  were  produced  at  these  low  pressures  offer  the  most  probable 
explanation  of  this  phenomenon. 

GENERAL  CONBinBRATlONS 

Increase  in  the  capacity  of  the  pulmonary  blood  vessels  bfought  about 
by  the  normal  act  of  inspiration,  causes  accumulation  of  blood  in  the 
lungs  and  a  corresponding  fall  in  carotid  pressure  due  to  the  transient 
retardation  of  blood  flow  to  the  left  heart  (2).  However  if  at  the  end 
of  inspiration  no  further  change  is  made  in  the  thoracic  capacity,  no 
further  accumulation  can  occur  and  a  constant  stream  should  again 
return  to  the  left  auricle  with  a  consequent  return  c^  blood  pressure  to 
its  normal  level.  It  therefore  is  certain  that  a  fall  in  carotid  pressure, 
such  as  has  been  shown  to  occur  in  our  experiments  and  lasting  as  it 
doee  through  a  long  period  during  which  the  lungs  remain  evenly  dis- 
tended, cannot  be  explained  as  a  result  of  accumulation  of  blood  in  the 
pulmcHiary  vascular  area.  The  amount  of  blood  locked  up  in  the 
pulmonary  vessels  under  the  condition  <rf  prolonged  distention  of  the 
lungs  is  so  small  that  it  may  well  be  ne^ected  as  a  factor  in  determining 
the  fall  in  general  blood  pressure  und^  our  method  of  experimentation. 

The  changes  in  abdominal  pressure  brought  about  by  distention  oi 
the  lungs  by  the  method  adopted  by  us,  at  first  would  seem  to  be  the 
opposite  of  those  brought  about  by  natural  res[»ration.  One  can 
readily  see  the  abdconen  distend  under  n^ative  pressure  and  this 
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creates  the  impresaioii  that  the  abdomio&l  walls  are  being  acted  on  by 
a  force  pulling  them  outward  and  causing  a  D^ative  pressure  in  the 
abdomen  which  if  it  occuired  would  cause  engorgement  of  the  vieoeral 
veesels  and  retard  return  flow  of  blood  to  the  heart.  But,  when  all 
the  conditions  of  presHure  on  the  animal  are  considered,  it  is  seen  thv-t 
the  only  change  in  relative  pressurcfl  that  has  occurred  is  in  the  animal's 
relation  to  its  intrapulmonic  pressure.  In  other  words,  there  is  a 
pressure  in  the  alveoU  of  the  lui^,  greats  than  the  pressure  to  i^ch 
the  rest  of  the  animal  is  exposed.  The  consequent  descent  oS  the 
diaphragm  increases  relatively  the  abdominal  pressure,  as  it  does  in 
natural  respiration.  Post-mortem  examinations  of  the  abdominal 
viscera  of  ammeilB  allowed  to  die  under  low  n^ative  pressure  have  clearly 
shown  that,  far  from  having  an  accumulation  of  blood  in  these  viscera 
such  as  would  be  the  case  if  the  abdominal  pressure  w&e  reduced, 
there  is  on  the  contrary  a  marked  diminution  in  the  amount  of  bkx>d 
present  in  these  organs,  evidenced  by  a  very  distinct  blanching.  Expao- 
mon  of  gases  in  the  alimentary  tract  possibly  favors  this  blanching. 
The  fall  in  carotid  blood  pressure  cannot  therefore  be  ^tfdained  by  thie 
assumption  of  a  bleeding  into  the  abdominal  vessels  under  low  pressure. 

When  artificial  respiration  was  maintained  by  rhythmically  varsring 
the  negative  pressure  in  the  plethysmograpb  the  muscles  remain  in 
spnoeic  passivity  so  that  variations  in  blood  flow  through  them  are 
n^ligible. 

It  is  conceivable  that  changes  might  occur  in  the  position  (A  the 
crura  of  the  diaphragm  which  would  offer  an  obstruction  to  tiw  return 
of  blood  to  the  right  heart  and  thus  cause  a  fall  in  general  arterial  blood 
pressure.  Such  a  condition  evidently  would  tend  to  congestion  of  the 
abdominal  viscera,  which  we  have  found  to  be  absent.  There  is  further- 
more a  coincident  rise  in  pulmonary  blood  pressure,  a  fact  which  is  not 
in  conformity  with  obstruction  to  the  entrance  of  blood  into  the  thorax. 
We  may  then  eliminate  such  crural  obstruction  as  a  causative  factor  in 
the  fall  of  carotid  blood  pressure. 

In  many  of  our  experiments  the  fall  in  blood  pressure  occurred 
without  change  in  heart  rate  sJid  since  apnoea  was  often  caused  by  ^e 
distention  of  the  lungs,  the  nervous  factor  of  overflow  from  the  re^H- 
ratory  center  to  the  vagus  center  inhibiting  the  latter  and  caunng  a 
more  rapid  heart  beat,  need  not  be  ccmsidered  as  of  influence  on  Uie 
resultant  blood  pressure.  Further  indications  that  change  in  heart 
rate  broi^ht  about  by  nervous  control  is  not  responsible  for  the  fall  in 
blood  pressure  are  the  facts  that  the  fall  occurs  with  both  vagi  cut  or 
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frozen.  Changes  in  heart  volume  will  be  discussed  in  eubeequent 
paragraphs  with  reference  to  the  supply  of  blood  to  the  left  heart. 

The  fall  in  systemic  blood  pressure  is  not  due  to  vasodilatation.  The 
initial  fall  is  too  rapid  to  be  thus  accounted  for.  Cerebrfd  anemia 
resulting  from  prolonged  periods  of  lung  distention  causes,  on  the 
contrary,  vasoconstriction;  revealed  by  a  gradual  and  continued  rise 
in  the  pressure  level  in  the  carotid  artery  and  by  the  blanching  of  the 
viscera  already  alluded  to. 

The  elimination  of  the  above  factors  as  mediating  the  fall  in  blood 
pressure,  coupled  with  positive  findings  such  as  a  rise  in  pressure  in  the 
pulmonary  u^ry  and  distention  of  the  right  heart  indicate  clearly  that 
we  are  dealing  simply  with  an  obstruction  to  the  flow  of  blood  through 
the  lung  capillaries.  The  mechanics  of  this  obstruction  require  further 
consideration. 

Cloetta  (3)  has  expressed  the  view  that 

as  th«  lungs  expand  two  opposinf;  factors  act  upon  the  intrapulmanary  vessels. 
When  the  alveoli  first  expand,  they  tend  to  exert  a  radical  traction  upon  the 
Btnalt  vessels  and  oapiltaries  and  so  enlarge  them,  but  as  the  enlargement  proceeds 
and  the  alveoli  acquire  a  polygonal  shape,  they  tend  to  compress  the  intrapul- 
monic  veBsele.  Furthermore,  as  the  lungs  enlarge,  they  necessarily  cause  a 
linear  extension  of  the  blood  vessels  and  thereby  further  reduce  their  calibre. 
From  this  it  appears  that  a  moderate  distention  of  the  lungs  causes  a  diminished 
resistance,  but  an  extreme  distention  an  augmented  resistance. 

In  the  case  of  Cloetta's  method  of  lung  distention  in  which  the  lungs 
alone  are  contained  in  the  plethysmograph,  the  heart  and  large  blood 
vessels  are  not  subjected  to  variations  in  [vessure  synchronously  with 
the  lungs  as  occurs  in  normal  respiration,  and  as  de  Jager  (4)  has 
pointed  out,  the  capacity  of  the  large  extra  pulmonary  vessels  may 
increase  when  the  surrounding  pressure  becomes  more  negative.  It  is 
noteworthy  that  by  subjectii^  the  entire  animal  to  negative  pressure 
as  we  have  done,  in  contrast  to  the  method  of  Cloetta,  the  aspiratory 
effect  due  to  enlargement  of  the  blood  vessels  by  dist^ition  of  the 
thoracic  cavity  is  negligible,  if  we  disregard  the  fact  that  the  thoracic 
and  abdominal  cavities  are  more  expansible  than  the  solid  tissues  of 
the  body. 

Concerning  the  rise  in  carotid  blood  pressure  with  very  moderate 
negative  pressure  in  the  plethysmograph  and  the  fall  with  greater 
pressures,  our  findings  with  a  somewhat  different  method  are  in  con- 
formity with  those  of  Cloetta.  But  his  explanation  of  these  phenom- 
ena based  on  the  hypothesis  of  polygonally  shaped  alveoli  making 
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pressure  on  the  pulmonary  blood  vessels,  is  open  to  objections  which 
seem  of  sufficient  we^t  to  exclude  it.  Even  if  the  blood  vessels  of 
the  lungs  could  be  as  nicely  placed  in  reference  to  the  surrounding 
cells,  as  assumed  by  Cloetta  {fig.  4)  a  fractional  part  of  the  elastic  force 
of  the  distended  air  sacs  might  be  exerted  on  the  walls  of  the  blood 
i  only  by  the  assumption  of  a  shape  and  deformity  such  as  is 
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Fig.  4.  DiagTEuus  illustrating  the  effect  of  lung  inflatioQ  on  the  alveoli  a 
lumen  of  the  intrapulmonary  veasele  (after  Cloetta). 


Fig.  5.  Diagrams  iiluBtr&tiag  effect  on  the  caliber  of  the  pulmonary  blood 
TeBselfl  produced  by  change  in  shape  of  the  alevoli. 

illustrated  in  figure  6,  B.  Should  the  walls  of  the  alveoli  be  sufficiently 
movable  for  the  elastic  pull  due  to  their  distentioD  to  be  equally  exerted 
at  all  points  in  their  circumference  in  directions  tangent  to  the  surfaces 
at  those  points,  it  would  follow  that  the  effect  of  this  tangential  pull 
would  be  to  straighten  the  line  xy  (fig.  5)  thereby  compressing  the  blood 
vessel;  but  such  a  resultant  pressure  could  be  obtained  only  when  a 
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part  of  the  curvature  of  the  alveolus  was  concave  with  reference  to  the 
blood  vessel,  and  never  with  polygonally  shaped  cells  in  which  the 
resultant  of  the  elastic  pull  inward  for  converse  reasons  would  be 
acceutuated  at  the  angles. 

While  stretching  of  the  capillaries  of  the  lungs  in  their  long  diameter 
causing  a  diminution  in  their  caliber  and  obstruction  to  blood  flow  is 
undoubtedly  a  factor  in  the  fall  in  carotid  pressure,  it  does  not  seem 
probable  that  it  can  result  in  complete  occlusion  of  the  vessels.  The 
extent  to  which  capillary  diminution  can  be  brought  about  by  this 
-  means  is  under  investigation. 

Of  the  factors  that  might  be  the  cause  of  the  fait  in  carotid  blood 
pressure,  there  remains  the  relative  increase  in  intrapuhnonic  air 
pressure,  which  apparently  is  the  essential  cause. 

In  considering  the  pressure  of  the  intrapulmonic  air  in  its  effect  on 
the  pulmonary  vessels,  under  the  conditions  of  our  experiments,  it 
must  be  borne  in  mind  that  while  there  is  no  change  in  the  relation  of 
the  intrapulmonic  air  to  the  atmospheric  air  while  the  lungs  are  dis- 
tended, yet  there  is  a  considerable  chaise  in  the  intrapulmonic  ur 
with  reference  to  the  animal  subjected  to  the  negative  pressure.  If  an 
animal  be  subjected  to  a  given  negative  pressure  while  his  intrapulmonic 
air  is  still  in  free  communication  with  air  at  atmospheric  pressure  it  is 
evident  that  distention  of  the  air  sacs  commences  and  continues  until 
this  elasticity  plus  the  elastic  resistance  offered  to  increase  in  the 
capacity  of  the  thorax  equals  the  increased  intrapulmonic  pressure. 
The  factor  responsible  for  the  distention  of  the  lungs  is  the  difference 
between  the  intrapulmonic  pressure  and  the  external  pressure  on  the 
animal;  it  would  be  indifferent  whether  this  distending  pressure  is 
obtained  by  diminishing  the  external  pressure  on  the  animal  or  by 
increasing  the  intrapulmonic  pressure.  It  is  furthermore  clear  that 
under  either  of  the  conditions  stated  above,  vessels  dtuated  between  the 
alveoli,  as  the  pulmonary  capillaries  are,  must  likewise  be  subjected  to 
the  distended  pressure.  In  other  words,  the  pulmonary  capillaries 
lying  between  adjacent  alveoli  are  compressed  between  two  oppo»ng 
forces  when  the  intrapulmonic  air  pressure  is  increased. 

It  would  follow  from  this  that  with  varying  degrees  of  negative 
pressure  in  the  plethysmograph  corresponding  degrees  of  pressure 
exerted  in  the  pulmonary  vessels  impede  proportionately  the  pulmonary 
circulation.  The  fall  in  carotid  pressure  is  due  solely  to  this  inter- 
ference with  the  return  of  blood  to  the  left  heart.  The  total  failure  of 
systemic  circulation  is  due  to  the  fact  that  even  the  maximal  pressure 
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obtainable  in  the  pulmonary  arteries  ia  not  sufficient  to  overcome  an 
external  resistance  of  more  than  85  mm.  of  mercury.  This  maximal 
pressure,  attained  during  the  period  of  complete  occlumon  of  the  pul- 
monary vessels,  while  indicating  relative  inefficiency  in  the  muscles  (rf 
the  right  ventricle  compared  to  those  of  the  left  side  of  \ht  heart,  yet 
is  considerably  greater  than  is  usually  given  for  average  pulmomuy 
arterial  blood  pressure. 

We  are  indebted  to  Prof.  W.  E.  Gairey  for  helpful  su^estions  and 
criticisms. 

C0NCLD6I0N8 

1.  When  the  lungs  are  artificially  distended  by  diminishing  plethys- 
mc^raphic  pressure:  a,  with  alight  distention  there  is  an  inconspieuoua 
rise  in  carotid  blood  pressure  due  to  the  freer  passage  of  blood  to  the 
left  heart;  b,  a  moderate  distention  always  causes  a  fall  in  carotid 
pressure,  the  greater  the  negative  pressure  in  the  plethysmogrt^h  tbe 
greater  is  the  reduction  of  the  carotid  pressure,  the  fall  in  carotid  pressure 
always  bemg  greater  than  tbe  causative  negative  pressure  in  the  pletbys- 
mograph;  e,  with  full  distention  there  occiu^  a  fall  in  carotid  pressure 
approximately  to  zero;  d,  with  over-distention,  cauang  emphysema  and 
pneumothorax,  there  is  a  sUgbter  faU  than  that  produced  by  less 
distention. 

2.  The  fall  in  can>tid  blood  pressure  caused  by  moderately  diminished 
pletbysmc^raphic  pressure  is  due  to  failure  in  the  supply  of  blood  to 
tbe  left  heart. 

3.  This  failure  of  blood  supply  to  the  left  heart  is  due  to  pressure 
exerted  almost  directly  upon  the  small  pulmonary  vessels. 

4.  The  measure  of  the  degrees  of  pressure  necessary  to  occlude  the 
vessels  can  be  taken  as  an  index  of  the  pressure  in  the  pulmonary 
arteries. 

5.  During  a  short  period  of  occlusion  of  the  pulmonary  capillaries, 
the  blood  in  the  pulmonary  arteries  may  attain  a  pressure  of  85  mm. 
of  mercury. 
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Phosgene  is  one  of  the  lethal  asphyxiant  war  gases.  If  its  effects 
on  the  animal  organism  were  to  be  described  in  one  phase,  it  would 
be  by  the  words  "pulmonary  edema."  A  study  of  phosgene  poison- 
ing is  therefore  of  more  than  passing  medical  interest.  The  work  here 
reported  was  done  by  the  Wisconsin  Section  of  the  Medical  Division 
of  the  Chemical  Warfare  Service  in  an  attempt  to  get  a  physiological 
background  for  proposed  forms  of  treatment. 

The  general  symptoms  of  gas  poi.soning  have  recently  been  well 
described  by  Underhill  (1)  and  since  our  experience  on  this  point 
is  identical  with  his,  such  description  need  not  be  repeated  hero. 
Underbill's  division  of  phosgene  poisoning  into  three  stages  is  also  in 
accord  with  our  findings,  and  although  arbitrary  in  certain  cases,  as 
all  such  classifications  must  be,  it  is  of  distinct  advantage  in  locating 
the  various  physiological  disturbances  and  in  gaining  an  insight  into 
the  condition  as  a  whole. 

Our  work  has  consisted  in  following  as  closely  as  possible  various 
physiological  reactions  throughout  the  course  of  fatal  phosgene 
poisonings.  We  have  directed  particular  attention  to  the  following; 
arterial  blood  pressure,  venous  blood  pres.sure,  pulse  rate,  hemoglobin 

'  The  work  here  reported  was  done  in  the  Medical  School  Laboratories  of  the 
University  of  Wiaconsin.  Problems  of  gas  warfare  were  initiated  under  the 
Bureau  of  Mines  and  continued  under  the  Wisconsin  Section,  Medical  Division, 
Chemical  Warfare  Service.  In  addition  to  the  authors,  who  directed  and  carried 
on  the  major  part  of  this  research,  especial  mention  should  be  made  of  the  services 
of  Dr.  S.  A.  Amberg  of  the  Otho  S.  A.  Sprague  Institute,  and  Mr.  J.  Y.  Malone 
of  the  Wisconsin  Section ,  who  greatly  aided  in  many  phases  of  the  work.  Among 
others  associated  in  a  general  way  with  the  physiological  studies  carried  on  at 
Wisconsin,  there  should  be  mentioned  Dr.  H.  S.  Gasser  of  the  Washington  Uni- 
versity Medical  School,  and  Dr.  B.  H.  Schlomovitz,  Dr.  P.  F.  Clark  and  Mr.  L. 
F,  Richdorf  of  the  Wisconsin  Section. 
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determinations,  blood  volume,  red  blood  cell  counts,  histological  ex- 
amioation  of  the  lungs,  x-ray  studies  of  heart  and  fungs,  alkaline 
reserve,  respiratory  rate  and  volume  of  respiratory  ventilation. 

Methods.  Dogs  were  used  throughout  these  studies.  The  animals 
were  subjected  for  thirty  minutes  to  air  containing  80  to  100  parts 
per  million  of  phosgene.  This  was  sufficient,  with  rare  exceptions, 
to  produce  death  in  the  first  twenty-four  hours.  The  technique  of 
this  gas  administration  was  one  gradually  evolved  at  the  various 
Chemical  Warfare  laboratories.  It  consisted  of  placing  the  dogs  in  a 
one-hundred-liter  air-tight  glass  box  through  which  air  was  drawn  at 
the  rate  of  one  hundred  liters  per  minute.  The  phosgene  cylinder  was 
connected  to  the  air  inlet  tube,  the  gas  outflow  being  regulated  by  a 
needle  valve  and  the  rate  roughly  determined  by  a  flowmeter.  From 
the  gassing  chamber  itself  air  was  drawn  in  order  to  determine  by 
chemical  analysis  the  exact  concentration  of  phosgene  to  which  the 
animals  were  subjected. 

All  animals  on  which  it  was  necessary  to  make  incisiooB  were 
morphinized  either  before  or  immediately  after  being  gassed.  A 
series  of  morphine  controls  had  been  carefully  studied  and  we  are  sure 
none  of  the  effects  to  be  described  are  attributable  to  morphine.  In 
order  to  make  observations  rapidly  and  frequently  the  animals  were 
kept  tied  to  operating  boards.  Since  no  pressure  was  exerted  any- 
where except  by  the  cords  on  the  limbs,  and  the  respiratory  passages 
were  entirely  unobstructed,  this  restraint  seemed  unobjectionable. 
The  animals  lay  quietly  and  comfortably  until  the  usual  asphyxia! 
stimulations  occurred  shortly  before  death. 

Arterial  blood  pressure.  By  attaching  a  mercury  manometer  to  the 
femoral  artery,  arterial  blood  pressure  records  were  made  in  the  usual 
way  at  half-hour  intervals.  The  general  course  of  the  blood  pressure 
in  a  typical  case  of  phosgene  poisoning  may  be  seen  at  a  glance  by 
referring  to  figure  1,  This  composite  curve,  in  common  with  those 
that  are  to  follow,  was  made  by  dividing  each  of  the  experiments  in 
the  series  into  ten  equal  periods.  Our  animals  lived  an  average  of 
sixteen  hours  after  gassing.  Each  of  the  ten  intervals  therefore 
represents  on  the  average  a  little  over  one  and  a  half  hour.  The  data 
for  the  same  period  in  all  the  experiments  were  averaged  and  the 
results  plotted  as  a  composite  curve. 

A  few  animals  showed  a  slight  fall  of  blood  pressure  after  being 
taken  from  the  gassing  chamber.  In  most  cases  this  was  insignificant 
and  it  did  not  lower  the  composite  curve  during  the  first  period.     As 
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a  rule  the  blood  pressure  gradually  rose  during  the  first  half  of  the 
experiment  increasing  some  10  per  cent  above  the  normal.  Beginning 
with  the  sixth  period  it  began  to  fall  slowly,  reaching  normal  at  the 
beginning  of  the  eighth  interval.  Once  having  passed  the  normal  the 
decline  became  extremely  rapid  and  continued  without  intermission 
until  the  death  of  the  animal. 

This  break  in  blood  pressure  which  occurred  at  the  eighth  period 
was  an  extremely  striking  event  in  all  the  animals  studied.    It  made 
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Fig.  1.  A  oompoBite  curve  of  arterial  blood  preesure  in  scute  pboBgeoe 
poisonmg.  The  abscissa  indiofttea  the  tea  periods  into  whioh  each  ezperiment 
has  been  divided. 

possible  a  very  accurate  prediction  as  to  how  much  longer  the  animal 
would  survive.  Until  its  significance  was  fully  appreciated,  many  of 
the  animals  died  before  final  observations  could  be  made. 

Figure  2  is  a  reproduction  of  the  actual  records  from  a  typical 
experiment.  The  points  just  mentioned  may  be  noted.  The  first 
record  at  11:10  a.m.  was  taken  shortly  after  gassing.  The  pressure 
then  rose  gradually  for  more  than  six  hours.  At  12:10  a.m.,  thirteen 
hours  after  gassing,  the  pressure  was  still  normal,  though  falling.  One 
hour  and  twenty  minutes  later  the  animal  was  dead. 
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One  need  not  attempt  to  interpret  the  arterial  blood  pressure  curve 
of  acute  phosgene  poisoning  until  all  the  other  data  have  been  pr^ 
seated.  Its  resemblance  to  an  asphyxial  vasoconstriction  is  however 
obvious.  That  the  rise  may  be  due  to  vasoconstriction  and  the  fall 
in  part  to  paralysis  of  the  vasomotor  center  is  also  suggested  by  the 
lai^e  vaaomotor  waves  which  so  often  occurred  late  in  the  blood 
pressure  tracings  (see  fig.  2  at  12:45  a.m.). 

Venous  blood  pressure.  In  the  preceding  series  of  ten  experiments 
venous  pressure  observations  were  made  simultaneously  with  the 
arterial.  These  were  secured  by  inserting  a  sound  into  the  femoral 
vein.  The  sound  was  connected  to  a  manometer  and  a  reservoir  of 
Binger's  solution.  The  pressure  in  the  system  was  raised  above  what 
the  reading  was  likely  to  be.  On  removing  a  clip  the  blood  pressure 
was  balanced  against  that  of  the  fluid  in  the  manometer.  The  read- 
ing could  be  made  before  there  was  any  tendency  to  clot  and  the  fiuid 
added  to  the  blood  stream  at  each  observation  was  n^;1igible. 

Venous  pressure  was  found  to  be  rather  variable,  conformii^  on 
the  whole  however  to  what  one  might  expect  from  the  arterial.  During 
the  long  period  of  increased  arterial  pressure,  venous  pressure  was 
either  normal  or  slightly  below.  In  the  terminal  stages,  however,  it 
often  rose  markedly.  In  two  of  the  ten  experiments  there  was  a 
noticeable  increase  in  venous  pressure  immediately  after  gassing. 
These  were  very  severe  cases,  death  occurring  within  nine  hours.  It 
would  seem  probable  that  in  these  animals  the  initial  injury  to  the 
lungs  was  so  great  that  the  pulmonary  circulation  was  obstructed  and 
venous  pressure  therefore  forced  to  rise. 

PiUse  rate.  Shortly  after  gassing  the  pulse  rate  fell  in  practically 
all  cases.  This  occurred  in  animals  morphinized  before  gassing  as 
welt  as  in  those  that  received  none  of  the  drug.  It  was  therefore  an 
expression  of  the  action  of  the  poison  itself.  The  decrease  in  rate 
brought  the  pulse  from  an  average  of  95  to  70  beats  per  minute.  By 
the  lime  the  experiment  was  half  over  the  heart  rate  had  returned  to 
normal  and  following  this  it  very  markedly  accelerated.  Figure  3 
presents  a  composite  curve  from  fourteen  experiments  in  which  the 
pulse  rate  was  carefully  followed.  The  final  determination  of  the 
curve  is  the  average  of  the  highest  rates  obtained  in  the  tenth  period. 
As  death  became  imminent  the  heart  rate  became  irregular  and  the 
rate  then,  of  course,  decreased.  Electrocardiograms  taken  at  this 
time  showed  various  kinds  of  blocks,  dropped  beats  and  extra  systoles, 
features  which  characterize  most  records  taken  during  death  by 
asphyxiation. 
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The  pulse  rate  offered  an  excellent  means  of  foUowing  the  conditiou 
of  the  animal.  Two  of  the  dogs  in  one  of  our  aeries  recovered.  The 
pulae  curves  from  theee  animals  were  of  special  int^est.  There  was 
the  initial  fall  and  the  subsequent  rise,  but  the  latter  never  exceeded 
120  beats  per  minute.  A  large  number  of  observations  have  confirmed 
oor  opinion  that  a  fatal  outcome  is  to  be  expected  if  the  heart  rat« 
continues  to  rise  above  125  or  130  beats. 
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Fig.  3.  A  composite  curve  showing  the  average  heart  rate  in  aoute  phosgeoe 
poisoning. 

UetMijUMn  detemttno/ums.  It  was  soon  realised  that  there  were 
very  significant  changes  in  the  hemoglobin  content  of  the  blood  is 
dogs  suffering  with  phosgene  poisoning.  At  death  the  blood  was 
viscous,  even  tarry  in  consistency,  and  the  hemoglobin  readings 
showed  an  almost  unbelievable  concentration.  Underbill  first  pointed 
out  that  this  stage  of  concentration  was  preceded  by  an  initial  one  in 
which  the  hemoglobin  content  of  the  blood  was  decreased. 

The  characteristic  hemoglobin  changes  during  the  course  of  the  poi- 
soning maybeseeninfigure4.  Inanaverageexperimentthebemoglobin 
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leadings  were  bdow  normal  during  the  first  four  periods  of  the  experi- 
ment. This  coDBtitutea  UnderhiU's  first  stage  of  phosgene  poisoning. 
Coocoitration  then  b^an  and  in  the  period  preceding  death  the  heino- 
(^obis  readings  averted  over  150  per  cent.  The  periods  of  conoen- 
tratioD  make  up  UnderhiU's  second  stage. 

The  maximum  decrease  in  hemt^lobin  occurred  anywhere  during 
the  first  four  periods,  in  other  words,  during  the  first  five  or  six  hours 
of  the  experiment.  Since  the  maximum  decrease  did  not  occur  in  the 
same  period  for  all  the  experiments,  the  composite  curve  does  not  show 
the  lowest  limit  reached  in  hemoglobin  concentration.  In  the  sixteen 
cases  reported,  it  actually  av^-aged  11  per  cent,  that  is,  a  hemoglobin 
reading  of  89.    The  lowest  readii^  noted  was  85,  altix>ugh  in  treatment 
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F\%.  4.  A  composite  cnrre  of  hemoglobin  ooncentntion  in  acute  phosgene 
poisoning. 

-swies  not  hoe  reported  we  have  had  readings  as  low  as  80  and  one  of 
78.  Tlie  maximum  decrease  in  our  experience  lasted  a  very  brief 
time  and  often  there  was  difficulty  in  making  desired  observations  at 
eocaetly  the  proper  moment. 

The  degree  of  subsequent  hemoglobin  concentration  has  always 
-borne  a  definite  relation  to  the  severity  of  the  poisoning  and  made 
■possible  a  rather  accurate  prc^noets.  One  hundred  and  twenty^five 
per  cent  may  be  said  to  represent  a  critical  point.  Any  animal  exceed- 
ing this  figure  was  pretty  sure  to  die  in  the  course  of  the  next  five  or 
ax  hours.  If  an  animal  was  not  gassed  enough  to  reach  this  concent 
trstion,  or  if  by  any  means  a  125  per  cent  concentration  could  be 
prevented,  there  was  an  excellent  chance  for  recovery. 


lizcdbyGoOi^Ie 


310  WALTER   J.    BfBEK  AND   J.   A.    E.    ETBTEB 

Hemoglobin  readings  are  usually  interpreted  in  terms  of  the  fluid 
content  of  the  blood,  or  blood  volume.  If  plasma  or  water  has  left 
the  blood  stream  there  is  of  course  a  concentration  of  hemt^lobin, 
and  if  fluid  has  entered  the  blood  stream  from  the  tissues  or  elsewhere 
there  is  naturally  a  lowered  hemoglobin  content.  While  this  is  the 
general  rule,  there  may  be  exceptions.  Hemolysis  or  stagnation  of 
red  blood  cells  at  any  point  might  very  greatly  modify  hem<^obin 
detenninationsand  yet  the  blood  volume  would  be  entirely  unchanged. 

The  natural  interpretation  of  the  hemoglobin  curve  for  phosgene 
poisoning  would  be  that  in  stage  1  there  is  an  increase  of  blood  volume 
and  in  stage  2  a  marked  decrease.  That  there  is  a  real  decrease  in 
sta^e  2  ia  borne  out  by  the  fact  that  the  lungs  are  now  full  of  fluid 
which  must,  of  course,  have  come  from  the  blood.  There  is,  however, 
no  equally  obvious  explanation  for  an  increase  of  blood  volume  in 
stage  1.  Underbill  (1)  also  finds  in  this  stage  a  decrease  in  the  blood 
chlorids,  but  the  excess  which  he  at  the  time  finds  in  the  urine  and 
fluid  of  the  lungs  m^ht  account  for  this  decrease. 

In  order  if  possible  to  clear  the  matter  up  we  have  made  direct  blood 
volume  determinations  during  stages  1  and  2. 

Blood  volume  delerminations.  The  blood  volume  has  been  deter- 
mined directly  in  eight  animals  during  stage  1  and  in  three  a-ni'mftlH 
during  stf^  2.  The  technique  used  was  the  acacia  method  (2)  which 
has  been  developed  in  this  laboratory.  In  table  1  may  be  seen  the 
results. 

The  data  presented  give  no  evidence  of  a  blood  volume  increase  in 
stage  1.  In  a  lai^  series  of  normal  dogs  the  volume  has  frequently 
been  10  and  11  per  cent  of  body  weight  with  an  aven^  of  9.7  p^ 
cent.  The  eight  animals  here  investigated  averaged  then  within  2 
per  cent  of  normal  Furthermore  of  the  three  animftlH  having  the 
greatest  bem<^obin  dilutions,  only  one  had  a  volume  above  the 
average. 

In  stage  2  only  three  determinations  were  made  and  unfortunately 
no  hemoglobin  readings  were  made  simultaneously.  Red  blood  cell 
counts,  which  have  always  paralleled  the  hemoglobin  readings,  indi- 
cated however  that  the  latter  were  in  the  neighborhood  of  135  per  cent. 
Since  the  technique  required  the  removal  of  20  cc.  of  blood,  the  deter- 
minations were  made  some  time  before  the  anticipated  death  of  the 
animal.  The  figures  particularly  the  first  and  third  show  that  these 
animals  had  a  marked  decrease  in  blood  volimie.  Even  8.1  per  cent 
body  weight  is  a  lower  blood  volume  than  we  have  ever  found  in  a 
normal  dog. 
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Stage  1  of  phosgeDe  poisoning,  on  the  grounds  of  blood  volume 
data,  we  believe  to  represent  an  actual  decrease  in  the  total  hemoglobin 
content  of  the  blood,  a  point  which  will  be  discussed  later  under  the 
heading  histologicf^  examination  of  the  lui^. 
'  In  stage  2  there  can  be  no  doubt  that  the  blood  volume  is  actually 
greatly  decreased. 

Red  blood  cell  count.    Little  need  be  said  concerning  the  red  blood 
cell  counte  other  than  that  they  unifonnly  paralleled  the  hemoglobin 

TABLE  1 

Showing  blood  BOhiTTtet  in  phosgene  poisoning 


ivm. 

prrunt 

9.80 

88.4 

8.7 

9,58 

90.9 

9.6 

9.14 

91.0 

11.1 

9.82 

94.4 

10.8 

8.48 

96.0 

8.7 

8.42 

92.0 

9.6 

7.22 

83.6 

11.2 

6.70 

84.6 

9.9 

Average. 

14.00 
13.8 
13.5 

6.6 
8.1 
7.6 

, 

7.3 

determinations.  A  composite  curve  from  nine  experiments  may  be 
seen  in  figure  5.  As  in  the  hemoglobin  curve,  stages  1  and  2  are 
evident  and  they  occupy  the  same  relative  positions. 

Histological  examirtation  of  the  lungs.  Dr.  W.  S.  Miller  of  the 
Department  of  Anatomy  has  kindly  made  a  careful  histoli^cal  examina- 
tion of  lung  tissue  in  a  series  of  poisoned  dogs.  He  has  used  his  special 
methods  for  fixing  and  staining  pulmonary  tissues  rather  than  the 
routine  technique  of  general  pathology.  These  examinations  show 
that  the  injury  from  pho^ene  is  abnost  exclusively  in  the  lower 
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reepiratory  paasages.  There  is  coastriction  or  Bpasm  of  the  small 
bronchioles  with  the  accompanying,  atelectasis  and  emphysema. 
There  is  edema  of  the  connective  tissue.  The  alveoli  are  irregular, 
their  membranes  inj'ured,  and  in  many  cases  they  contain  exudate. 
Very  important  from  our  point  of  view  is  the  extensive  closing  of 
the  capillaries  with  red  blood  cells.  Even  small  veins  are  solidly 
plumed.  In  many  cases  these  masses  in  the  veins  have  shrunk 
slightly  and  the  surroundiog  clear  areas  are  filled  with  serum.  In 
figure  6  may  be  seen  a  photomicrograph  illustrating  the  points  just 
mentioned.  That  these  changes  in  the  lungs  are  -not  post-mortem  is 
substantiated  by  the  fact  that  they  are  characteristic  of  all  the  early 
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Fig.  5.  Red  blood  cell  conntB  in  Acute  phosgene  poisoning. 

stages  of  pmsonii^  and  that  they  were  found  after  every  attempt  to 
avoid  post^nortem  clot. 

Furthermore,  if  phosgene  in  a  dilution  as  great  as  1  to  20,000,  that 
is  0.222  milligrams  per  liter,  be  bubbled  through  a  2  per  cent  suspension 
of  defibrinated  dog's  blood,  there  is  in  twenty  minutes  a  marked 
agglomeration  of  the  red  corpuscles.  This  is  direct  evidence  that  the 
gas  has  the  power  of  doing  just  what  the  histological  picture  shows  has 
been  done. 

In  shghtly  later  stages  than  the  one  figured,  there  is  evidence 
that  compensatory  paths  are  being  opened  up  for  the  blood  stream. 
Capillaries  which  were  not  plugged  are  widened  and  others  have  been 
dilated  sufficiently  to  allow  a  flow  of  fluid  around  the  obstructions. 
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The  importance  of  these  histolc^cal  findings  on  the  physiological 
conception  of  phosgene  poisoning  is  at  once  apparent.  The  plugged 
capillaries  and  veins  must  at  first  greatly  increase  pulmonary  resistance 
and  the  work  of  the  right  heart.     Later  there  is  relief  by  the  develop- 


Fig.  6.  A  photomicrograph  from  the  lower  left  lobe  of  a  dog'a  lung,  killed  one 
hour  and  forty  minutes  after  being  gassed.  Especially  to  be  noted  are  the  cap- 
illaries gorged  with  red  blood  cells,  the  alveolar  exudate  and  the  pulmonary  vein 
in  the  lower  right  hand  corner  which  is  plugged  with  a  masa  of  blood. 

ment  of  compensatory  passages.  Just  how  the  heart  reacts  to  this 
we  shall  see  in  the  following  section.  Furthermore  the  injuries  to  the 
alveolar  walls  must  decrease  the  exchange  of  gases  between  the  blood 
and  the  alveolar  air. 
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Heart  size.  In  a  largesericsofexpcrunentastereoscopie  examinations 
and  x-ray  pliotographs  of  the  thorax  have  been  made  at  frequent 
intervals.  At  first  the  outline  of  the  heart  was  slcetched  in  with  a 
grease  pencil  on  the  glass  cover  of  the  fiuoroseope.  Later  stereoscopic 
plates  were  made  and  these,  of  course,  proved  much  more  reliable 
than  the  former  method.  To  be  sure  that  the  animal  was  in  the  same 
position  for  each  photograph,  a  lead  cross  was  sewed  to  the  chest  and 
the  center  of  this  brought  under  a  plumb  bob  at  each  exposure.  Ex- 
posures were  always  made  during  the  same  phase  of  respiration,  prefer- 
ably inspiration,  and  the  flashes  were  long  enough  to  insure  that  it  was 
the  diastolic  size  of  the  heart  which  was  secured. 

These  observations  have  shown  two  interesting  and  important 
changes  in  heart  size  during  acute  phosgene  poisoning.  There  was 
first,  immediately  after  removal  from  the  gas  chamber  an  increase  in 
the  size  of  the  heart  which  varied  considerably  in  degree,  but  was 
always  associated  with  a  relative  enlargement  of  the  right  auricle  and 
ventricle.  This  condition  persisted  for  several  hours  and  might  even 
increase  for  an  hour  or  more. 

By  the  beginning  of  the  fourth  period,  assuming  that  the  experiment 
had  been  divided  into  ten  equal  intervals,  a  second  change  appeared 
which  was  a  gradual  reduction  in  heart  size.  This  seemed  to  appear 
first  in  the  left  ventricle,  but  soon  the  whole  heart  became  distinctly 
smaller.  It  assumed  a  pendular  shape  which  was  apparently  identical 
with  that  following  severe  hemorrhage,  as  determined  in  control 
experiments.  This  decrease  in  size  continued  during  the  development 
of  the  extensive  pulmonary  edema.  During  the  period  of  asphyxial 
death  the  heart  began  again  to  enlarge,  particularly  the  right  side,  and 
after  the  death  plates  invariably  showed  a  dilated  heart  with  relative 
increase  of  the  right  side. 

Figure  7  illustrates  strikingly  the  stages  of  increase  and  decrease  in 
heart  size.  The  area  of  the  normal  heart  shadow  as  determined  by 
the  planimeter  was  51.2  sq.  cm.  Thirty-nine  minutes  after  gassing, 
the  area  had  increased  to  55.4  sq.  cm.  Eleven  hours  and  fifty-three 
minutes  after  exposure  the  heart  had  decreased  to  44.5  sq.  cm.  This 
was  at  a  time  when  the  pulmonary  edema  had  become  very  marked. 

Changes  in  the  lunys.  The  condition  of  the  lungs  was  determined 
in  a  large  number  of  animals  by  means  of  physical,  fiuoroscopic  and 
stereoscopic  x-ray  examinations.  Immediately  after  removal  from  the 
gas  chamber  there  was  noted  a  diffuse  clouding  of  the  lungs  usually 
most  marked  in  the  middle  and  upper  lobes  but  sometimes  involving 
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the  lower  lobes  also.  This  was  accompanied  by  an  increase  in  density 
and  number  of  the  streaky  shadows  cast  by  the  larger  bronchi  and 
vessels  at  the  roots  of  the  lungs. 

FoF  a  few  hours  the  cloudy  appearance  of  the  lungs  generally  in- 
creased slowly  without  however  being  associated  with  any  constant 
physical  signs.  Occasionally,  transitory  fine  dry  crackling  r&les  were 
heard  during  expiration,  and  occasionally  there  was  a  slight  rougheoing 
of  the  normal  respiratory  sounds. 


Fig.  7.  Superimposed  outlinea  of  three  i-ray  photographs  taken  at  intervals 
during  phosgene  poisoning  to  show  changes  in  shape  of  the  heart.  The  solid  line 
indicates  the  normal.  The  dotted  line  shows  the  right-aided  dilatation  thirty- 
nine  minutes  after  gassing.  The  broken  line  is  from  a  photogr&ph  taken  eleven 
hours  and  fifty-three  minutes  after  exposure  to  the  gas.  The  heart  had  then 
become  pendular  in  shape  and  much  reduced  in  size. 

After  these  few  hours  the  lungs  often  appeared  somewhat  clearer. 
This  improvement,  however,  was  transient  and  gave  way  during  the 
latter  third  of  the  experiment  to  a  streaky,  mottled  appearance,  at 
first  marked  near  the  roots  of  the  lungs  but  later  involving  the  whole 
of  both  lungs.  Often  the  heart  outline  was  in  part  lost  or  obscured. 
It  was  at  this  time  that  numerous  rSles  of  all  varieties  made  their 
appearance,  medium  moist  predominating.    These  were  heard  in  both 
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inspiration  and  expir&tion.  In  brief,  the  clinical  signs  were  nowtbose 
of  extensive  puhnonary  edema  and  passive  congestion. 

In  the  later  stages  there  was  frequently  an  impairment  of  the  per- 
cussion notes,  most  evident  in  the  pendent  portions,  and  an  extension 
of  deep  cardiac  dullness  especially  on  the  right  side.  X-ray  plates 
showed,  however,  that  this  was  not  due  to  cardiac  enlargement  but 
probably  to  better  transmiaflion  of  heart  dullness  by  the  edematous 
liing. 

There  are  thus  three  more  or  less  distinct  changes  to  be  made  out 
by  means  of  the  x-ray  in  the  lungs  of  animals  fatally  poisoned  with 
phosgene.  First  a  diffuse  cloudiness  due  probably  to  the  initial 
epitheUal  injury  and  to  the  agglomeration  of  the  corpuscles  in  the 
capillaries.  Second,  an  improvement,  a  decrease  in  the  cloudiness, 
accounted  for  by  a  reopening  of  many  of  the  capillary  passages.  Third, 
a  marked  increase  in  the  density  and  extent  of  all  shadows  cast  by 
bronchi  and  blood  vessels  and  an  extension  of  the  mottled  appearance 
to  all  parts  of  the  lungs.  It  is  worthy  of  mention  that  it  is  only  during 
this  latter  stage  that  the  classical  clinical  signs  of  pulmonary  edema 
develop.  The  x-ray  has  proved  a  much  more  delicate  method  of  following 
lung  lesions  than  the  older  methods  of  percussion  and  auscultation. 

Respiraiary  rate  and  pulmonary  aeration.  One  of  the  earliest  results 
of  phosgene  gassing  was  an  increase  in  the  respiratory  rate.  By  the 
end  of  the  fourth  i>eriod,  that  is  stage  l,(the  rate  had  usually  increased 
from  an  average  of  30  to  45  per  minute.  This  increase  continued 
through  stage  2  until  the  death  period  itself,  when  the  respirations  of 
course  became  irregular  and  gradually  less  rapid. 

Respiratory  rate,  particularly  in  the  dog  where  there  may  be  much 
panting,  gives  a  poor  idea  of  the  amount  of  air  actually  passing  in  and 
out  of  the  lungs.  To  secure  such  data  a  series  of  five  experiments  was 
run  in  which  the  dogs  were  placed  in  an  air-t^ht  rigid  chamber  that 
enclosed  the  entire  animal  except  the  head.  An  inflated  rubber  collar 
secured  an  air-tight  fit  around  the  neck.  The  box  was  connected  by 
tubing  to  a  piston  recorder  which  not  only  made  a  record  of  the  respi- 
ratory rate  but  on  calibration  gave  an  accurate  measure  of  the  air 
passing  in  and  out  of  the  lungs. 

The  data  thus  secured,  as  shown  in  table  2,  indicate  in  all  cases  a 
final  marked  increase  in  pulmonary  aeration.  In  all  cases  the  amount 
of  air  respired  was  at  least  doubled  in  the  latter  periods  of  the  poison- 
ing. Even  after  the  bref^  in  arterial  pressure  when  respirations  often 
slowed  down,  the  increase  in  aeration  was  maintained.    In  three  cases 


lizcdbyGoOi^Ic 


ACOTE  PHOSGENE   POISONING 


317 


the  amount  respired  immediately  after  gassing  was  definitely  lower 
than  normal. 

Temperature.  The  only  constant  change  in  temperature  was  a 
gradual  fall  as  blood  concentration  Increased  and  death  became 
imminent.  This  amounted  to  as  much  as  2  degrees  in  many  cases. 
Very  frequently  there  was  a  sUght  initial  rise  in  temperature  during 
stage  1. 

Alkaline  reserve.  Our  studies  on  alkaline  reserve  are  very  incom- 
plete. Determinations  taken  at  irregular  intervals  in  eleven  experi- 
ments seem  however  to  justify  the  statement  that  there  is  no  change 
of  particular  signiScance  until  the  latter  periods  of  the  experiment. 
At  about  the  time  blood  pressure  falls  so  markedly  there  is  a  decided 
decrease  in  the  alkaline  reserve.  The  tissues  at  this  time  are  un- 
doubtedly suffering  from  oxygen  want  and  the  decrease  in  carbonate 
is  due  to  the  formation  of  fixed  acids. 
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DISCUSSION 

The  various  pathological  physiological  studies  just  reported  are  of 
interest  chiefly  in  giving  us  a  conception  of  pho^ene  poisoning  as  a 
whole.  In  fatal  cases,  and  our  studies  were  made  on  such,  two  rather 
well-marked  stages  are  apparent.  The  first  of  these  is  characterized  by 
the  nervous  reflexes  due  to  the  irritation  of  the  gas  in  the  respiratory 
pass^es  and  by  the  direct  chemical  action  of  the  gas  or  its  decomposition 
products  on  the  blood.  The  second  stage  is  characterized  by  well- 
developed  pulmonary  edema  and  its  natural  consequences.  The  whole 
subject  indeed  might  well  be  termed  a  study  of  pulmonary  edema 
induced  by  phosgene. 

The  first  effect  of  the  gas  is  to  injure  the  hnings  of  the  deep  respi- 
ratory passives.     Spasm  of  bronchiole  musculature  Is  evidence  of  the 
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stimulation  produced  by  the  fumes.  As  a  result  of  thia  we  have  a 
refiex  cardiac  inhibitioQ,  very  characteristic  of  many  atimulationa  of 
the  respiratory  eurfaces.  The  composite  curve  of  heart  rates  shows  a 
decrease  during  the  first  half  of  the  poisoning.  Another  reflex  from 
the  same  cause  is  a  vasomotor  one  which  brings  about  peripheral 
constriction  with  a  rise  in  blood  pressure.  The  x-ray  gives  evidence  of 
pulmonary  injury  at  this  time  although  physical  signs  are  usually 
entirely  absent.  More  important  than  these  nervotis  phenomena, 
however,  is  the  direct  action  of  the  gas  on  the  blood  in  the  pulmonary 
capillaries.  Here  the  red  corpuscles  are  agglomerated  into  masses 
which  largely  fill  and  block  the  capillary  passages.  Bubbling  gas 
through  blood  shows  that  it  may  have  just  this  effect.  The  results  of 
this  pluiQpng  of  the  capillaries  are  twofold.  In  the  first  place  pulmo- 
nary resistance  is  increased  and  a  load  thrown  upon  the  right  heart. 
Evidence  of  this  is  seen  in  the  right  cardiac  dilatation  found  in  the 
x-ray  plates.  A  second  result  is  the  removal  of  red  cells  from  the' 
circulation  which  results  iu  a  decreased  hemoglobin  content  of  the 
blood,  This  first  stage  of  phosgene  poisoning,  as  shown  by  Under- 
bill, is  most  easily  determined  by  following  the  hemoglobin  and  it 
may  be  spoken  of  as  the  stage  of  decreased  hemoglobin  concentration. 

Underbill  (1)  has  explained  the  decreased  hemi^lobin  concentration 
OD  the  basis  of  blood  dilution  by  body  fluids.  Just  how  or  why  blood 
volume  should  be  increased  at  this  time  is  not  clear.  That  this  inter- 
pretation is  probably  not  suflicient  we  beheve  to  be  shown  by  direct 
determinations  which  indicate  no  increase  in  blood  volume,  and  by  the 
histological  examinations  which  show  the  red  cells  agglomerated  in 
the  capillaries. 

Long  before  the  end  of  the  first  stage  pulmonary  edema  is  under  way. 
The  direct  cause  of  this  is  undoubtedly  the  increased  permeability  of 
alveolar  and  capillary  walls  due  to  direct  injury  from  the  gaseous 
fumes.  The  increased  pulmonary  blood  pressure  resulting  from  the 
capillary  plugging  greatly  favors  the  condition. 

The  second  stage  of  acute  phosgene  poisoning  is  characterized  by 
rapid  development  of  the  puhnonary  edema  with  all  its  physical  signs. 
This  results  in  a  decreased  blood  volume  and  increased  hemoglobin 
concentration  and  a  smaller  diastohc  size  of  the  heart.  The  essential 
thing  is  fthe  greatly  reduced  blood  volume,  which  is  almost  entirely 
accounted  for  by  the  increased  fluid  in  the  lungs. 

Death  under  such  conditions  may  obviously  be  accounted  for  in 
edtber  one  of  two  ways.    The  edematous  condition  of  the  lungs  may 
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interfere  with  the  gaseous  exchanges  to  such  an  extent  that  the  animal 
asphyxiates,  or  the  blood  volume  may  be  so  reduced  that  even  though 
the  hemoglobin  is  oxygenated  there  is  not  enough  fluid  to  secure  its 
proper  distribution  to  and  circulation  in  the  tissues.  So  far  as  the 
tissues  themselves  are  concerned  the  result  is  the  same.  They  die  of 
oxygen  starvation.  In  our  opinion  death  is  due  to  a  combination  of 
the  two  causes.  Our  belief  is  based  on  a  series  of  experiments  in  which 
gassed  animals  were  immediately  placed  in  chambers  containing  40  to 
60  per  cent  oxygen.  The  CO*  content  was  of  course  kept  within 
physiolc^cal  limits  and  oxygen  supplied  automatically  so  as  to  keep 
the  amount  constant.  The  majority  of  these  animals  lived  from  48 
to  72  hours  instead  of  the  average  16  and  seemed  to  be  recovering. 
On  being  leleaaed  the  usual  occurrence  was  for  each  dog  to  walk  across 
the  room  and  fall  into  an  asphyxial  convulsion  which  quickly  termi- 
nated in  death.  Several  of  the  animals  were  hurried  back  into  the 
oxygen  chamber  and  resuscitated.  These  animals  were  edematous 
with  reduced  blood  volumes,  but  in  an  atmosphere  of  40  per  cent 
oxygen  life  was  preserved,  one  is  tempted  to  believe  because  of  complete 
hemoglobin  saturation  and  physical  absorption  of  oxygen.  That 
decreased  blood  volume  is  a  cardinal  part  of  the  syndrome,  and  possibly 
by  far  the  most  important  part,  need  not  be  questioned. 

We  do  not  at  this  time  wish  to  discuss  the  treatment  of  pho^ene 
poisoning  further  than  to  point  out  the  suggestions  naturally  arising 
from  our  work.  In  stage  1  bleeding  may  serve  to  relieve  the  right 
heart  and  reduce  pulmonic  pressure.  The  heart  would  thus  be  in 
better  shape  for  succeeding  emergencies  and  the  edema  would  develop 
less  rapidly.  This  treatment  alone  might  in  many  cases  tide  the 
animal  over  and  make  possible  its  recovery. 

In  stage  2  oxygen  is  of  course  suggested.  Administration  of  oxygen, 
although  of  value,  must  be  looked  upon  as  more  or  less  palliative.  - 
It  can  neither  restore  alveolar  epithelimn  nor  reduce  the  edema. 
Wilson  and  Goldschmidt  (3)  have  recently  shown  in  chloropicrin  poison- 
ii^  that  oxygen  administration  does  not  prevent  concentration  of  the 
blood.  It  may,  however,  make  life  possible  until  the  body  can  take 
care  of  itself.  Any  treatment  which  would  permanently  increase 
blood  volume  would  of  course  be  fundamental. 
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SUMUABY 

1.  A  study  of  the  pathological  physiology  of  acute  phosgene  poisoa- 
ing  shows  a  well-marked  succession  of  events  which  finally  results  in 
typical  pulmonary  edema.  The  microscope  and  the  x-ray  both  show 
an  early  injury  to  the  linings  of  the  deep  respiratory  passages.  Irri- 
tation from  this  results  in  a  certain  amount  of  reflex  cardiac  inhibition 
and  vasoconstriction.  Coincident  with  these  changes  there  is  a  direct 
action  of  the  gas  on  the  red  blood  cells,  which  causes  them  to  a^lom- 
erate  and  obstruct  the  pulmonary  capiDaries,  The  removal  of  red 
blood  cells  from  the  active  circulation  in  this  way  results  in  a  decreased 
hemoglobin  percentage.  The  plugging  of  the  capillaries  throws  a 
strain  on  the  right  heart  and  a  right-sided  cardiac  dilatation  is  apparent. 
These  are  the  chief  characteristics  of  stage  1. 

2.  Even  during  stage  1  the  injury  to  the  alveolar  membranes  and 
the  increased  pressure  have  initiated  the  transfusion  of  fluid  from  the 
blood  into  the  tissue  spaces  and  later  into  the  air  passages  of  the 
lungs.  The  rapid  development  of  this  edema  is  the  chief  character- 
istic of  stage  2.  It  results  in  hemoglobin  concentration,  reduction  in 
blood  volume  and  decrease  in  heart  size,  all  three  of  which  proceed 
to  extreme  degrees.  Death  ultimately  results  from  decreased  oxygen- 
ation of  the  pulmonary  blood  and  from  oxygen  starvation  of  the  tissues 
due  to  decreased  blood  volume,  the  latter,  as  Underbill  states,  being 
probably  the  more  important. 
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INTRODUCTION 

Carbon  dioxide  in  aqueous  solutions — and  in  living  oi^;amsma  there 
is  aJwajTB  water  to  fonn  such  solutions — behaves  as  a  weak  acid,  dis- 
sociating in  the  following  manner: 

CO.  +  H,0  i=t  H,CO.  i=t  H-  +  HCO,' 

H-+CO/ 

It  is  a  matter  of  some  importance  to  detennine  to  what  extent  its  well- 
known  physiological  properties  are  due  to  the  presence  of  hydrogen 
ions  in  its  solutions,  i.e.,  how  far  it  behaves  as  an  ordinary  acid — and 
to  what  extent  they  may  be  of  a  more  specific  nature,  due  possibly  to 
some  peculiarity  of  the  undissociated  COt  or  HtCOi  molecule. 

This  question  is  of  especial  interest  in  connection  with  the  problem 
of  the  r^ulation  of  the  respiratory  movements  of  the  higher  vertebrates. 
The  delicacy  of  the  response  of  the  mammahan  respiratory  center  to 
changes  in  the  Cd  tension  of  the  alveolar  air  and  the  blood  was  strik- 
ingly shown  by  the  work  of  Haldane  and  Priestley  (1).  Several  years 
later  Winterstein  (2)  su^^ested  that  it  is  not  to  the  COj,  as  such,  but 
rather  to  an  excess  of  hydrogen  ions  in  the  blood,  that  the  response 
occurs.  This  conclusion  was  strongly  supported  by  the  work  of  Hassel- 
balch  and  Lund^aard  (3),  (4)  who  showed  that  while  the  Cd  content 
of  the  blood  fluctuates  considerably  with  different  diets,  etc.,  its  hydro- 
gen ion  concentration  is  maintained  practically  constant;  and  this  view 
of  the  r61e  of  hydrogen  ions  has  been  very  generally  accepted  by  physi- 
ologists, including  Haldane  (5).  However,  there  have  not  been  wanting 
supporters  of  the  view  that  COi  may  have  a  specific  effect  which  is 
not  due  to  hydrogen  ions  in  its  solutions.  Among  these  may  be  men- 
tioned Lacqueur  and  Verz&r  (6),  Hooker  (7)  and  Scott  (8).     The  evi- 
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deuce  recently  presented  by  the  last  two  workers  is  of  especial  interest. 
Hooker  and  hie  collaborators  found  that  for  the  same  hydrogen  ion 
concentration  of  the  blood,  the  effect  on  the  respiratory  center  of  the 
dog  is  much  greater  with  a  high  COi  tension  than  with  a  low  one.  They 
are  inclined  to  attribute  this  result  to  some  specific  peculiarity  of  the 
CO)  molecule,  either  in  dfrectly  stimulating  the  respiratory  center  or 
in  increasing  its  irritability  to  hydrogen  ions.  Scott,  by  a  somewhat 
different  method,  found  that  in  the  decerebrate  cat  increased  respiration 
may  be  brought  about  at  a  hydrc^en  ion  concentration  lower  than  that 
of  normal  blood,  provided  that  sufficient  quantities  of  CO3  are  present. 
He  considers  that  probably  both  hydrogen  ions  and  undissociated  CO} 
molecules  may  serve  as  respiratory  hormones. 

In  view  of  the  general  importance  of  the  question  of  the  nature  of 
the  effects  of  COi  on  living  protoplasm — of  which  its  effects  on  the 
respiratory  center  are  a  particular  case — it  is  desirable  that  further 
work  should  be  done  on  material  which,  unlike  the  mammfdian  respira- 
tory center,  is  open  to  direct  observation.  The  experiments  here  de- 
scribed have  been  performed  with  this  end  in  view  on  several  varieties 
of  material,  including  tadpoles,  various  protozoa,  and  the  taste  receptors 
of  the  human  tongue.  They  may  conveniently  be  described  in  the 
order  motioned. 

EXFBHIBISNTS    ON   TADPOLES 

Carbon  dioxide  in  high  concentrations  is  extremely  toxic  to  yoimg 
tadpoles  of  the  toad  (Bufo  americanus).  When  placed  in  a  quantity  of 
distilled  water  saturated  with  COj  at  atmospheric  pressure,  these  ani- 
mals show  movements  for  a  few  seconds,  and  then  settle  to  the  bottom 
of  the  vessel,  where  they  remain  motionless  for  an  indefinite  period. 
K  removed  to  fresh  water  within  a  minute  or  two,  they  usually  recover; 
if  the  exposure  lasts  from  three  to  five  minutes  or  more  at  room  temper- 
ature, death  is  the  result.  That  the  effects  produced  are  not  due  merely 
to  the  absence  of  oxygen  is  shown  by  such  an  experiment  as  the  following. 
A  quantity  of  water  was  boiled  and  then  placed  in  a  test-tube  in  which 
it  was  cooled  by  passing  through  it  a  stream  of  hydrogen  which  had 
first  been  conducted  through  an  alkaUne  pyrogallol  solution.  After  the 
current  of  hydrogen  had  Sowed  for  ten  minutes,  tadpoles  were  quickly 
introduced,  the  tube  was  restoppered  and  the  current  of  hydrogen  again 
allowed  to  Sow.  The  amount  of  oxygen  aviulable  for  the  animals 
under  these  conditions  was  practically  negligible;  nevertheless,  move- 
ments continued  for  over  ten  minutes  (as  compared  with  a  few  seconds 
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for  the  C0|  saturated  water)  and  when  the  animals  were  removed  at 
the  end  of  fifteen  minutes,  all  soon  regained  their  normal  activities 
and  showed  complete  recovery. 

To  test  the  view  that  the  loss  of  movement  and  death  of  the  tad- 
poles when  subjected  to  COi  solutions  are  due  to  hydrogen  ions  in  the 
medium,  solutions  of  hydrochloric,  oxalic,  formic,  salicylic,  acetic, 
butyric  and  carbonic  acids  (the  last  a  saturated  solution  of  CO)  in 
distilled  water)  were  made  up  to  approximately  the  same  pH  (ca. 
3.S-3.9)  by  means  of  the  indicator,  tetrabromphenolsulphonephthalein. 
Two  tadpoles  were  placed  in  about  20  cc.  of  each  solution  in  separate 
test  tubes  and  the  solutions  were  changed  twice  to  insure  the  action 
of  the  full  strength  of  the  acids.  The  results  of  the  experiment  were 
that  while  the  animals  in  the  carbonic  acid  showed  cessation  of  all 
movements  in  five  seconds,  those  in  all  of  the  other  acids  were  active 
at  the  end  of  thirty  minutes.  Those  in  butyric  acid  died  within  an 
hour,  while  the  remainder  lived  for  several  hours.  It  appears,  therefore, 
that  the  hydrogen  ion  concentration  of  a  CO2  solution  is  not  the  most 
important  factor  in  detenuining  its  toxicity  for  tadpoles,  since  the  stune 
concentration  when  produced  by  other  acids  is  incomparably  less 
effective. 

The  lack  of  dependence  of  the  effects  of  COi  on  the  hydrogen  ion 
concentration  of  its  solutions  is  further  brought  out  by  the  following 
experiment.  An  M/4  solution  of  NaHCOj  was  saturated  with  COj 
and  was  found  by  the  indicator  method  to  have  a  pH  of  approximately 
6.9,  i.e.,  it  was  almost  neutral,  the  acidity  being  very  much  less  than 
that  of  distilled  water  in  which  the  tadpoles  hve  for  days.  Nevertheless, 
loss  of  movement  and  death  occurred  in  this  solution  in  practically  the 
same  time  as  in  the  COi  saturated  distilled  water.  A  control  experi- 
ment with  the  NaHCOg  alone  showed  that  it  had  produced  no  cessation 
of  movement  or  visible  injury  in  two  hours.  Incidentally,  this  last 
fact  disposes  of  the  possibility  that  HiCOi  might  act  chiefly  through 
its  anion,  HCOt',  since  this  ion  is  present  in  abundance  in  bicarbonate 
solutions,  which  are  seen  to  be  practically  without  effect.  The  con- 
clusion must  therefore  be  drawn  that  for  certain  concentrations  of  COj, 
characteristic  effects  wiU  be  produced  not  merely  at  a  pH  which  in  the 
case  of  other  acids  is  only  very  slightly  effective,  but  even  when  the 
reaction  of  the  mediiun  is  practically  neutral.  So  far  as  toad  tadpoles 
are  concerned,  COt  appears  to  be  a  substance  of  very  different  properties 
from  ordinary  acids.  A  discussion  of  the  possible  reasons  for  this 
difference  may  be  reserved  until  after  a  description  of  the  experiments 
made  upon  protozoa. 
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EXPEHIHENTS  ON  PROTOZOA. 


Of  over  a  dozen  species  of  ciliate  and  flagellate  protozoa  studied  by 
the  author  (9),  all  are  killed  when  exposed  to  a  current  of  COi  in  an 
Engelmann  gas  chamber,  the  time  required  varying  greatly  with  differ- 
ent forms.  Colepa,  for  example,  may  be  killed  in  two  or  three  minutes, 
Paramecium  bursaria  usually  in  ten  or  fifteen,  while  under  the  same 
conditions  Paramecium  eavdatum  may  survive  an  hour  or  more  and 
Colpidium  several  hours.  These  relatively  great  differences  in  the 
resistance  of  the  different  forms  furnish  a  means  of  further  testing  the 
possible  mode  of  action  of  COt.  If  the  effects  of  this  substance  are 
really  due  to  the  hydrogen  ions  in  its  solutions,  then  approximately 
the  same  order  of  resistance  ought  to  be  obtained  with  solutions  of 
other  acids,  especially  when  the  hydrc^en  ion  concentrations  are  nearly 
the  same. 

Such,  however,  proves  not  to  be  the  case.  Forms  which  have  a  high 
resistance  to  COi  may  have  a  low  one  to  other  acids,  and  vice  versa. 
For  example,  the  author  (9)  has  shown  that  EuploUa  patella  is  consider- 
ably more  sensitive  to  C0»  than  Parameinum  caudatum.  Under  com- 
parable conditions,  where  the  latter  survives  for  an  hour  or  more,  the 
former  may  succumb  in  perhaps  thirty  minutes;  i.e.,  ita  resistance  is 
only  approidmately  half  as  great.  In  the  case  of  over  a  dozen  other 
acids,  however,  recently  studied  by  Miss  Collett  (10),  the  exact  reverse 
is  true.  "At  whatever  concentration  they  are  tested,  no  matter  what 
the  acid,  Paramecium  is  much  less  resistant  than  Euplotea."  The 
author  can  confirm  from  his  own  personal  observations  the  high  resist- 
ance of  Euplotea,  as  compared  with  Paramecium,  to  mineral  and  to  a 
number  of  organic  acids.  Only  in  the  case  of  carbonic  acid  does  this 
relation  fail  to  hold,  indicating  the  possession  by  this  substance  of  certain 
unique  properties  not  shared  by  the  other  acids. 

Another  example  is  furnished  by  the  three  common  species  of  Parof 
mecium:  P.  caudatum,  P.  aurelia  artd  P.  bursaria.  To  COi,  the  order 
of  resistance,  under  comparable  conditions  is: 

P.  catuiaium  >  P.  aurelia  >  P.  buraaria 

In  one  experiment  where  all  three  forms  were  found  in  the  same  culture 
and  had,  therefore,  for  several  weeks  been  under  the  same  conditions, 
the  average  times  of  death  when  exposed  to  COs  were:  P.  eaudatum, 
thirty-two  minutes;  P.  aurelia,  eighteen  minutes;  P.  buraaria,  six  min- 
utes.    To  N/10,000  HCl,  the  corresponding  times  in  minutes  were: 
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nine,  five  and  twelve  minutes  respectively.  In  general,  it  has  been 
found  that  for  mineral  acids  the  order  of  resistance  is : 

P.  bwsaria  >  P.  caudatum  >  P.  aurelia 

That  is  to  say,  the  form  that  is  the  most  resistant  to  the  mineral  acids, 
which  ahnost  certainly  act  chiefly  through  their  hydrogen  ions,  is  least 
resistant  to  CO]. 

Still  another  example  is  furnished  by  Coleps  which,  while  by  far  the 
most  susceptible  to'  CO^  of  the  forms  studied,  is  by  no  means  unusual 
with  respect  to  mineral  acids,  having  approximately  the  same  order 
of  resistance  as  Paramecium  cattdatum.  A  number  of  other  similar 
cases  could  be  mentioned.  Indeed,  the  first  half-dozen  forms  compared 
showed  almost  an  exact  inverse  relation  between  their  susceptibility 
to  COa  and  to  HtSO*.  This  probably  was  merely  a  coincidence,  since 
other  forms  studied  later  did  not  show  the  same  relation,  but  the  fact 
comes  out  clearly  that  while  different  forms  tend  to  agree  in  the  order 
of  their  resistance  to  other  acids,  their  resistance  to  COi  is  apparently 
an  unrelated  quantity.  It  would  appear,  therefore,  that  as  a  toxic 
agent  to  the  protozoa  studied,  carbonic  acid  is  in  a  class  by  itself. 

Further  evidence  on  this  point  is  furnished  by  the  visible  effects  of 
COi  on  certain  other  protozoa.  A  particularly  striking  case  is  that  of 
Peranema,  a  commoa  flagellate  with  a  single  fl^ellum  and  a  body 
capable  of  being  drawn  into  a  great  variety  of  shapes  by  the  contractile 
myonemes  with  which  it  is  provided.  The  author  has  previously 
pointed  out  (9)  that  the  effect  of  COi  on  Peranema  is  to  cause  an  almost 
instantaneous  paralysis  of  the  myonemes,  while  leaving  the  flagellum 
free  to  beat  for  perhaps  three-quarters  of  an  hour.  If  this  rather  strik- 
ing effect  is  due  to  hydrogen  ions  in  the  COi  solution,  it  should  be  possi- 
ble to  imitate  it  with  acids  like  HCl  or  HiSO*  of  the  proper  concentrtt- 
tion.  Attempts  to  do  so,  however,  have  shown  that  the  effects  of  these 
acids  are  not  only  not  similar,  but  are  in  some  respects  the  reverse  of 
those  of  CO].  When  exposed  to  them,  at  least  if  the  concentration  be 
sufficiently  high,  the  fl^ellum  usually  stops  beating,  but  the  myonemes, 
instead  of  being  paralyzed,  are  powerfully  stimulated  and  the  animals 
may  make  vigorous  contortions  for  an  hour  or  more.  The  failure  to 
paralyze  the  myonemes,  but  the  tendency  rather  to  stimulate  them 
was  observed  at  all  strengths  of  the  acids  employed  from  N/100  to 
less  than  N/10,000.  At  the  last  mentioned  concentration  it  was  pos- 
sible for  theflf^ellum  to  beat,  but  not  normally. 
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Very  similar  effects  were  obtained  with  Euglena,  a  related  green 
fonn,  and  with  the  ciliate  VorticeUa.  In  the  latter,  the  contractile 
filament  of  the  stalk  is  quickly  paralyzed  by  COi,  while  the  membranelles 
continue  to  beat  for  a  long  time,  whereas  in  various  strengths  of 
HCl  and  H1SO4  the  stalk  is  unusually  active,  ahnost  up  to  the  time  of 
death,  while  the  bell  is  for  the  most  part  closed  and  the  activity  of  the 
membranelles  clearly  depressed.  It  appeara  th«?efore  that  while  con- 
tractile structures  like  the  myonemes  of  Peranema  and  Euglena  and 
the  contractile  filament  of  Varticella  are  quickly  paralyzed  by  COi 
long  before  other  portions  of  the  cell  are  inactivated,  the  effect  of  mineral 
acids  is  to  stimulate  them  to  abnormal  activity  almost  up  to  the  time 
of  death  of  the  animal.  -The  general  effects  of  carbonic  acid,  therefore, 
are  not  only  quantitatively,  but  qualitatively  different  from  those  of 
other  typical  acids. 

THE  TASTE  OP  CABBON  DIOXIDE  SOLUTIONS 

The  results  so  far  described  leave  little  room  for  doubt  that  carbonic 
acid  is  different  in  its  mode  of  action  from  the  other  acids  studied.  As 
to  the  reasons  for  this  difference,  there  are  several  possible  explanations. 
Leaving  out  of  consideration,  for  the  reasons  already  mentioned,  the 
possibility  that  its  peculiarities  may  be  due  to  the  anion  HCOs',  there 
remain  two  plausible  hypotheses:  a,  there  may  be  some  chemical  pecu- 
liarity of  the  CO2  or  HtCO]  molecule  as  a  whole  which  is  responsible 
for  its  apparently  specific  action;  or  b,  carbonic  acid,  once  inside  a  cell, 
may  behave  essentially  as  other  acids,  but  may  differ  from  them  in  its 
much  greater  powers  of  penetrating  not  only  cell  membranes,  but  all 
other  cell  structures  as  well.  To  decide  between  these  two  hypotheses 
is  not  as  simple  a  matter  as  it  might  appear  to  be.  One  possible  method 
of  testing  the  truth  of  the  second  one  would  be  by  the  use  of  cells  con- 
taining a  natural  indicator  sensitive  to  carbonic  acid.  Unfortimately, 
the  author  has  not  as  yet  been  able  to  secure  material  suitable  for  the 
employment  of  this  method,  though  he  hopes  soon  to  be  able  to  obtain 
it.  Another  method  would  be  to  place  cells  or  tissues  in  a  mixture 
of  bicarbonate  and  carbonic  acid  and  by  means  of  indicators,  or  other- 
wise, to  test  the  penetration  of  the  latter,  by  noting  any  rise  in  the 
alkalinity  of  the  mixture.  There  are  certain  practical  difficulties,  some 
obvinijB  and  some  not  bo  apparent,  that  have  to  the  present  time  pre- 
vented the  successful  employment  of  this  procedure,  A  third  method, 
however,  of  extreme  simplicity,  has  yielded  definite  results.  It  involve* 
the  use  of  certain  taste  receptors  of  the  human  tongue. 
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The  Gomiection  between  the  sour  taste  of  acids  and  the  presence 
of  hydrc^eo  ions  in  their  solutions  has  long  been  known.  Over  twenty- 
years  ago  Richards  (11)  showed  that  surpriaingly  accurate  titrations 
could  be  made  by  the  sense  of  taste.  In  general,  the  greater  the  degree 
<A  disBociatioD  of  an  acid,  the  more  pronounced  the  sour  taste.  How- 
ever, the  concentration  of  hydrogen  ions  ia  not  the  only  factor ;  acetic 
acid,  for  example,  has  a  more  powerful  effect,  as  compared  with  mineral 
acids,  than  its  hydrogen  ion  concentration  would  lead  one  to  expect. 
The  question  of  penetration  probably  plays  an  important  part  in  pro- 
ducing the  observed  effects.  Crozier  (12)  points  out  that  the  order  of 
effectiveness,  in  giving  a  sour  taste,  of  the  series  of  acida  studied  by 
Becker  and  Herzog  (13)  is  almost  identical  with  that  which  he  obtained 
in  studying  the  order  of  penetration  of  acids  into  the  pigmented  cells 
of  Chromodoris  zebra  (14).  It  is  probable,  therefore,  that  the  two 
important  factors  in  determining  the  sourness  of  a  solution  of  an  acid 
are  o,  the  actual  concentration  of  hydrogen  ions  in  the  solution,  and 
6,  the  penetrating  powers  of  the  acid  itself.  ■ 

From  these  considerations  it  is  apparent  that  the  taste  of  COi  solu- 
tions might  be  utilized  in  throwing  hght  on  its  powers  of  penetrating 
cells  and  on  certain  of  its  other  physiological  peculiarities.  The  first 
experiments  made  with  this  end  in  view  rather  favored  the  theory  that 
the  more  striking  effects  of  COt  are  of  a  specific  nature,  and  are  not 
primarily  due  to  hydrt^en  ions.  The  taate  of  a  saturated  solution  of 
COi,  as  is  well  known,  is  not  markedly  aour;  the  most  prominent  effect 
in  the  mouth  is  the  production  of  a  stinging  or  a  tingling  sensation, 
which  is  entirely  different  from  the  sour  taste  of  weak  solutions  of  other 
acids.  Furthermore,  when  such  a  saturated  solution  is  diluted  with 
distilled  water  to  ten  times  its  original  volume,  the  sour  taste  disappears 
completely,  though  the  tingling  sensation  is  still  perceptible.  It  might 
seem  reasonable  to  conclude,  therefore,  that  a  carbonic  acid  solution 
has  two  effects :  a  weak  one  due  to  its  hydrogen  ions  and  a  stronger  one 
due  to  some  other  peculiarity  of  its  molecules. 

Such  a  conclusion,  however,  is  unwarranted.  If  drops  of  a  saturated 
solution  of  COs  be  placed  with  a  pipette  on  different  parts  of  the  tongue, 
or  if  a  current  of  COi  from  a  generator  be  similarly  directed,  it  appears 
that  different  parts  of  the  tongue  respond  differently.  On  its  tip  the 
stinging  sensation  alone  is  perceived ;  along  its  sides  and  dorsally  toward 
its  base  only  the  sour  taste.  The  same  relation  holds  for  dilute  solutions 
which,  when  taken  into  the  mouth  in  the  ordinary  way,  give  no  sour 
taste.     Furthermore,  an  acid  like  HCl  in  concentrations  of  N/100  or 
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higher,  when  placed  on  the  tip  of  the  tongue,  is  not  sour  but  gives  the 
same  stinging  sensation  that  is  obtained  with  COj.  So  far  as  its  taste 
is  concerned,  therefore,  carbonic  acid  does  not  appear  to  be  qualitatively 
different  from  other  acids;  the  differences  are  merely  quantitative,  and 
might  reasonably  be  correlated  with  a  more  ready  penetration  of  the 
taste  receptors  by  this  substance. 

For  purposes  of  comparison  it  might  be  of  interest  to  state  that 
according  to  Crozier  (12)  the  hydrogen  ion  concentration  of  a  solution 
of  HCI  which  is  just  perceptibly  sour  CN/900)  is  0.00119N  and  of  the 
corresponding  acetic  acid  solution  (N/200)  0.00035N.  Calculation 
shows  that  a  solution  of  CO:  one-tenth  saturated  at  room  temperature, 
in  which  a  slightly  sour  taste  can  be  detected  on  the  proper  part  of  the 
tongue,  should  have  a  hydrogen  ion  concentration  of  approxiinately 
0.00003N;  i.e.,  carbonic  acid  is  about  ten  times  as  effective  as  acetic 
acid  in  giving  a  sour  taste. 

The  hypothesis  that  COi  owes  its  unusual  properties  not  to  the 
hydrogen  ion  concentration  of  its  solutions  but  rather  to  its  great 
penetrating  powers  and  to  the  hydrogen  ion  concentration  produced 
within  the  cells,  waa  tested  by  the  following  experiment.  An  M/2 
NaHCOi  solution  was  saturated  with  CO]  and  found  by  the  indicator 
method  to  have  a  pH  of  approximately  7.4;  i.e.,  it  was  on  the  alkaline 
side  of  neutrality.  Nevertheless,  such  a  solution  on  the  sides  and  the 
posterior  dorsal  portion  of  the  tongue  gave  a  distind  sour  taste,  which 
was  very  apparent  on  alternately  testing  it  and  the  original  unsaturated 
bicarbonate  solution,  the  latter  having  in  comparison  a  decidedly  flat 
taste. 

The  rather  surprising  result  of  an  alkaline  solution  with  a  sour  taste 
may  plausibly  be  explained  on  the  assumption  that  the  COi  or  HiCOi 
readily  penetrate  the  taste  cells  while  the  NaHCOs  does  not.  In  the 
external  medium,  the  dissociation  of  the  carbonic  acid  is  strongly  de- 
pressed by  the  bicarbonate;  within  the  cells  this  restraint  is  no  longer 
efEective,  and  the  hydrogen  ions  are  free  to  produce  their  tj^iical  effect 
on  the  taste  receptors.  What  is  true  in  this  case  might  very  plausibly 
be  supposed  to  be  true  ako  in  the  case  of  the  respiratory  center;  i.e., 
the  effective  hydrogen  ion  concentration  might  be  very  different  from 
that  of  the  blood,  provided  that  the  acid  concerned  is  the  quickly 
penetrating  carbonic  acid.  According  to  this  theory,  the  results  of 
Hooker  and  of  Scott  are  readily  intelligible  and  do  not  necessarily 
conflict  with  the  orthodox  view  that  hydri^en  ions  are  the  respiratory 
hormone.     In  one  sense  (i.e.,  in  its  unique  powers  of  penetration) 


lizcdbyGoOi^Ie 


PHYSIOLOGICAL  ACTION  OP  CARBON  DIOXIDE  329 

COi  might  be  looked  upon  as  h&ving  a  specific  effect,  though  acting 
within  the  cells  like  other  acids  by  means  of  hydrogen  ions. 

The  general  mode  of  action  of  CO^  may  be  pictured  as  follows.  In 
the  medium  surrounding  the  cell  are  H;  HCO'j  and  CO'i  ions,  and  COi 
and  HjCOi  molecules.  The  ions,  as  such,  do  not  penetrate  to  any 
appreciable  extent,  though  the  H  ions,  at  least,  acting  on  the  cell  surface, 
may  have  a  stimulating  effect.  However,  one  or  the  other,  or  both,  of 
the  undissociated  molecules  may  readily  penetrate  to  all  parte  of  the 
cell  and  there  dissociate  in  the  ordinary  way  giving  hydrogen  ions  which 
produce  effects  not  obtained  at  all  with  corresponding  concentrations 
of  other  acids.  A  somewhat  analogous  case  is  perhaps  furnished  by 
"mustard  gas."  The  usual  explanation  of  the  method  of  action  <^ 
this  substance  is  that  in  aqueous  solutions  it  becomes  hydrolyzed  to 
HCl  and  dihydroxyethylsulphide ;  the  HCl,  at  least  in  weak  solutions, 
has  very  feeble  powers  of  entering  cells  and  an  old  solution  is  therefore 
relatively  non-toxic.  The  unaltered  molecules  in  a  fresh  solution, 
however,  readily  enter  cells  and  when  hydrolysis  occurs  within  them, 
the  HCl  set  free  may  have  strongly  toxic  effects  which  may  be  imitated 
by  the  direct  injection  of  this  substance  with  a  very  6ne  pointed  pipette 
(15).  Whether  or  not  this  simple  explanation  is  adequate  to  account 
for  all  of  the  peculiarities  of  mustard  gas,  it  at  least  may  be  used  to 
illustrate  the  possible  mode  of  action  of  COi. 

The  similarities  and  differences  between  carbonic  and  other  acids 
may  be  brought  out  very  clearly  by  studying  their  visible  effects  on 
such  an  organism  as  Paramecium.  A  mineral  acid,  such  as  HCl  or 
HsSOf  clearly  acts  from  without  inward,  killing  or  injuring  its  way  as 
it  goes.  One  of  the  first  effects  produced  by  it  is  on  the  ciUa,  locomotion 
ceasing  and  their  beat  becoming  slow  and  irregular.  At  a  time  when 
the  beat  of  the  cilia  has  almost  ceased,  the  internal  structures  in  the 
cell  may  be  apparently  unaffected.  The  contractile  vacuoles  may 
pulsate  regularly,  the  protoplasm  be  clear  and  transparent  and  the 
nuclei  possess  their  normal  appearance.  As  the  acid  slowly  enters  the 
cell,  the  pulsations  of  the  contractile  vacuoles  cease,  swelling  of  the 
body  occurs,  the  nuclei  stand  out  sharply  from  the  cytoplasm,  and  the 
latter  becomes  coagulated  and  opaque,  With  carbonic  acid  the  results 
are  very  different,  this  substance  acting  in  a  sense  from  within  outward. 
Animals  exposed  to  it  in  the  usual  way  in  an  Engelmann  gas  chamber 
quickly  show  visible  internal  signs  of  its  effects.  Swelling  of  the  body 
begins  almost  immediately,  and  may  continue  until  the  buccal  groove 
is  almost  obliterated;  the  nuclei  soon  stand  out  sharply,  as  when 
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treated  with  acetic  acid;  the  contractile  vacuoles  become  paralyzed; 
and  even  signs  of  coagulation  of  the  protoplasm  may  appear — all  before 
the  cilia  are  sufficiently  affected  to  bring  about  cessation  of  locomotion. 
Evidently  the  COi  enters  immediately,  the  mineral  acid  much  more 
slowly;  thoi^h  the  final  effects  produced  in  the  two  cases  are  not 
dJBwimilftr, 

The  differences  between  the  effects  of  COi  and  of  ordinary  acids  on 
Peratiema,  VorliceUa,  etc.,  described  above,  may  readily  be  explained 
by  the  greater  penetrating  powers  of  COg.  It  is  not  surprising,  in  the 
light  of  the  facts  already  mentioned,  that  it  is  able  to  paralyse  so  quickly 
the  myonemes  of  Peranema  and  Eugleaa  and  the  contractUe  filament 
of  the  stalk  of  VorticeUa  (all  of  which  are  internal  structures)  while 
concentrations  of  mineral  acids  strong  enough  to  stop  the  beat  of  the 
flagella  and  the  membranellee  are  unable  to  do  so,  and  manifest  their 
presence  for  a  long  time  merely  by  theu:  stimulating  action  on  the 
surface  of  the  cell.  The  different  order  of  resistance  of  different  pro- 
tozoa to  CO]  and  to  an  acid  such  as  HCI  is  also  exactly  what  would  be 
expected  when  it  is  remembered  that  the  action  of  COi  is  primarily 
internal  and  that  of  the  other  acid  is  primarily  external  and  only  second- 
arily internal.  The  results  obtained  with  protozoa,  therefore,  do  not 
conflict  with  the  view  here  advuiced  as  to  the  nature  of  the  action 
of  CO,. 

In  conclusion  it  may  be  said  that  the  general  result  of  the  experiments 
described  in  this  paper  is  to  indicate  that  while  in  certain  respects  CO, 
in  aqueous  solutions  behaves  as  an  ordinary  acid,  acting  through  its 
hydrt^en  ions,  in  other  respects — especially  in  its  remarkable  powers 
of  penetratii^  living  cells — it  may  be  said  to  have  a  specific  action 
different  from  that  of  other  acids.  This  theory  makes  it  possible  to 
reconcile  what  have  been  until  now  two  apparently  contradictory 
points  of  view  as  to  the  mode  in  which  it  produces  its  characteristic 
effects  on  the  respiratory  center  of  mammals,  and  on  hving  protoplasm 
in  general. 


1.  A  saturated  solution  of  COt  is  incomparably  more  toxic  to  toad 
tadpoles  than  are  solutions  of  hydrochloric,  oxalic,  salicylic,  formic, 
acetic  or  butyric  acids  of  the  same  hydrogen  ion  concentration. 

2.  In  the  presence  of  sufficient  bicarbonate  to  give  practically  a 
neutral  reaction  to  the  solution,  the  toxic  properties  of  Cd  to  tadpoles 
are  unchanged. 
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3.  The  order  of  resistance  of  various  protozoa  to  COi  bears  no  relation 
to  the  order  found  in  the  case  of  other  acids. 

4.  COi  very  quickly  paralyzes  contractile  structures  in  protozoan 
cells  while  causing  little  injury  to  flagella,  etc.  Under  certain  conditions 
mineral  acids  may  produce  apparently  exactly  the  opposite  effects. 

5.  The  differences  between  carbonic  and  the  other  acids  studied 
may  probably  be  accounted  for  by  a  difference  in  their  powers  of  pene- 
trating living  cells. 

6.  Due  possibly  to  the  ready  penetration  of  the  taste  receptors  by 
COi,  and  to  its  subsequent  dissociation,  an  alkaline  bicarbonate-carbonic 
acid  mi}cture  may  have  a  distinct  sour  taste. 

7.  The  hypothesis  that  similar  conditions  exist  in  the  manunaUan 
respiratory  center  would  reconcile  the  two  apparently  conflicting  views 
held  at  present  as  to  the  method  in  whicL  COi  acts  as  a  respiratory 
honnone. 
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The  object  of  this  iavestigation  waa  to  detenmne  the  respouBe  of 
the  nonnal  human  etomach  to  the  different  members  of  the  claas  of 
foods  grouped  together  under  the  name  of  vegetables.  These  com* 
prise  a  variety  of  leaves,  stems,  roots,  bulbs,  tubers  and  seeds,  differing 
widely  in  chemical  composition  and  valued  in  the  diet  for  different 
reasons.  An  attempt  was  made  to  study  the  d^estion  of  members  of 
each  of  these  classes.  Wherever  practicable  comparisons  of  the  raw 
and  boiled  vegetables  were  carried  out  and  different  methods  of 
cooking  were  also  employed, 

Beaiunont,  in  connection  with  his  experiments  on  Alexis  St,  Martin, 
studied  the  digestion  of  certain  vegetables  in  the  stomach  of  his  sub- 
ject. Definite  quantities  of  foods  were  not  given  in  Hs  test  meals. 
These  meals  were  also  in  most  cases  of  a  mixed  character.  Beaumont's 
results  are  given  in  table  1. 

The  results  recorded  by  Beaumont  agree,  in  hardly  any  respect, 
with  the  findings  in  our  more  carefully  controlled  experiments.  Where 
Beaumont  found  a  difference  of  an  hour  in  favor  of  baked  overWled 
potatoes,  we  found  no  such  advantage.  Beaumont  found  boiled  pota- 
toes to  remain  in  the  stomach  3i  hours.  We  found  100  grams  of 
boiled  potatoes  to  remain  only  2\  hours  in  the  case  of  a  man  of  slow- 
emptying  type.  Beets  we  found  to  leave  the  stomach  rapidly  (in 
from  1  to  2  hours).  Beaumont  found  them  to  remain  long  (3J  hours). 
Parsnips  we  found  to  require  distinctly  longer  than  carrots  or  beets. 

'  The  expense  of  this  inveatigstion  was  defrayed  by  contributions  from  Mrs, 
M.  H.  Henderson,  the  Curtis  Fubiiahing  Company  and  Dr.  L.  M.  Halsey. 
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Beaumont's  resulte  would  indicate  that  the  reverse  was  true.  Beau- 
mont gives  3i  hours  for  boiled  turnips;  we  found  Ij  hoin^.  Beaumont 
found  boUed  cabbage  to  require  2  hours  longer  than  raw.  We  found 
no  such  difference.  Beaumont's  figures  would  indicate  that  boiled  rice 
and  barley  leave  the  stomach  in  a  fraction  of  the  time  required  for 
other  vegetables.  This  finds  no  support  in  our  experiments.  This  is 
not  a  criticism  of  Beaumont's  valuable  pioneer  work  but  only  of  the 
uncritical  use  of  his  data. 

Fenzoldt  (2)  made  a  number  of  experiments  on  a  single  subject 
(Croee).  In  most  cases  he  gave  150  gram  portions  (baaed  on  the  raw 
we^ht).    Samples  were  removed  at  half-hour  periods.    Hence  no  closer 


IHgettioT 

TAfiI£l 

1  the  human  stomach 

,o<«, 

.,ACJ,*T.O» 

3:30 

2:30 

3:16 

2:30 

3:45 

vinegar 

2A0 

Barley,  boiled      . 

2:00 

time  comparisons  were  possible.  The  drinking  of  water  by  Penzoldt's 
subjects  must  also  be  considered,  and  the  fact  that  most  of  his  results 
are  based  on  single  experiments.  The  results  obtained  by  this  author 
are  given  in  table  2. 

The  results  of  Fenzoldt  show  a  fair  agreement  with  our  own  in  the 
few  cases  where  they  are  directly  comparable. 

The  method  of  investigation  used  in  our  experiments  was  that  pre- 
viously described  (3).  More  emphasis  was  laid  on  the  microscopical 
examinations  of  samples  which  were  made  in  nearly  all  cases.  The 
subjects  were  normal  medical  students  and  laboratory  workers  who 
were  at  rest  during  the  experimental  period. 
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The  results  as  r^ards  gastric  acidities  developed  and  evacuation 
times  are  given  in  table  1.  The  distinction  between  subjects  of  rapid- 
and  slow-emptying  types  is  less  in  the  case  of  most  vegetables  than  in 
the  case  of  meats.  The  classification  of  subjects  is  based  upon  the 
response  to  other  foods  as  well  as  vegetables. 

Comparative  responses  of  the  same  individuals  to  different  forms  of 
v^etables  are  charted  in  figures  1  to  31.  In  these  ^ures  the  prime  or 
accent  marks  indicate  curves  of  free  acidity. 


Digetlion  of  vegettAUt  in  the  kuman  stomach  (Pentoldl) 

^ 

.-ar-T 

T^i^i. 

ISO 
150 
150 
150 
ISO 
IfiO 
200 
150 
150 
150 
160 
IBO 
150 
150 
150 
150 
100 

's:' 

Peas,  boiled 

Kohlrabi,  boUed 

Rice,  boiled 
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Potatoes,  whole  boiled,  baked,  mashed  and  fried.  Boiled  whole  white 
potatoes  left  the  stomach  rather  quickly  requirii^  2i  hours  for  a 
alow-emptying  man  (fig.  1).  The  same  man  required  li  hours  for 
creamed  potatoes.  For  baked  potatoes,  plain,  he  required  3J  hours 
but  baked  potatoes  with  butter  remained  3}  hours.  Another  subject 
(fig.  11)  required  1)  hours  for  creamed  potatoes  and  but  15  minutes 
longer  for  baked  potatoes  with  butter.  It  appears  therefore  that 
boiled  potatoes  and  creamed  potatoes  are  handled  in  about  the  same 
time  as  the  plain  baked  potatoes  but  that  the  addition  of  butter  causes 
a  slight  delay.    A  potato  salad  required  2  hours  as  compared  with  2} 
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hours  for  mashed  potatoes,  on  one  subject  (figs.  3  and  4)  while  in  the 
case  of  a  slow-emptying  type  of  stomach  3  hours  were  found  necessary 
for  the  mashed  potatoes  and  3^  hours  for  the  salad  (fig.  6).  Plain 
mashed  potatoes  were  compared  with  mashed  potatoes  to  which  milk 
and  butter  had  been  added  (figs.  3  and  5).  In  one  case  these  additions 
delayed  evacuation  15  minutes,  in  the  other  they  hastened  it  15 
minutes.  The  influence  of  the  milk  and  butter  hence  cannot  have 
been  marked. 

Fried  potatoes  are  frequently  stated  to  be  more  difficult  of  digestion 
than  boiled  or  mashed  potatoes.  We  were,  therefore,  somewhat  sui^ 
prised  to  And  that  on  the  average  fried  potatoes  left  the  stomach  fully 
as  rapidly  as  potatoes  cooked  in  other  ways  (see  figs.  4,  5,  6,  7  and  8). 
One  subject  (figs.  3  and  4)  reqiured  1§  to  2J  hours  for  fried  potatoes 
as  compared  with  2  to  2§  hours  for  mashed  potatoes  and  potato  aalad. 
Another  subject  (fig.  5)  required  a  httle  longer  for  French  fried  potatoes 
than  for  mashed  potatoes  but  no  longer  than  for  potato  salad.  Subject 
McEl  (figs.  6  and  7)  showed  an  emptying  time  of  2i  hours  for  plain 
or  German  fried  potatoes  as  compared  with  1}  hours  for  boiled  and  2 
hours  for  baked  sweet  potatoes.  Subject  Mil  (fig.  8)  required  2}  hours 
for  either  French  fried  or  boiled  potatoes. 

The  order  of  rapidity  of  digestion  of  different  kinds  of  fried  potatoes 
on  one  subject  (figs.  3  and  4}  was  German  fried,  first,  plain  fried,  second 
and  French  fried,  third.  Another  subject  showed  exactly  the  same 
response  to  German  fried  and  plain  fried  potatoes.  It  is  possible  that 
the  French  fried  potatoes  require  a  few  minutes  longer  than  the  others 
but  the  difference  cannot  be  marked. 

Potato  chips  were  also  compared  with  French  fried  potatoes.  Be- 
cause of  their  high  content  of  dry  matter,  especially  fat,  only  50  grams 
of  the  chips  were  fed.  They  required  2J  hours  to  digest  as  compared 
with  2^  hours  for  the  fried  potatoes  (fig.  8).  This  would  indicate  that 
potato  chips  are  handled  rather  readily  by  the  stomach  considering 
their  fat  content  of  about  40  per  cent. 

Sweet  potatoes,  daskeens  and  cassava  roots.  Boiled  sweet  potatoes 
remained  in  the  stomach  2J  hours  as  compared  with  2i  hours  for 
boiled  white  potatoes  (figs.  1  and  2).  Baked  sweet  potatoes  with 
butter  required  2i  hours  as  compared  with  1}  hours  for  baked  white 
jwtatoes  with  butter  (fig.  11).  Plain  fried  sweet  potatoes  required, 
with  the  same  subject,  2  hours.  Sweet  potatoes  in  general  therefore 
appear  to  be  retained  in  the  stomach  longer  than  white  potatoes  cooked 
in  the  same  way. 
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Dasbeens  were  cooked  in  Beveral  ways,  namely,  boiled,  baked,  riced, 
plain  fried  and  French  fried.  The  boiled  dafiheen  required,  for  a  sub- 
ject of  slow-emptying  type  (see  fig.  5)  3}  hours  as  compared  with  2} 
to  3^  hours  for  white  potatoes  prepared  in  different  ways.  In  another 
case  baked  dasheens  required  2^  hours  as  compared  with  2J  hours  for 
baked  white  potatoes  and  2|  hours  for  boiled  sweet  potatoes  (fig.  2). 
A  third  subject  (see  figs.  3  and  4)  showed  an  evacuation  time  of  3  hours 
for  baked  dasheen  as  compared  with  1}  to  2^  hours  for  white  potatoes 
prepared  in  different  ways  and  3^  hours  for  baked  sweet  potatoes  with 
butter.  Kiced  dasheen  took  a  shorter  period  of  time,  2}  hours,  as 
compared  with  1}  to  2^  hours  for  white  potatoes  and  2  hours  for  baked 
sweet  potatoes  (see  figs.  6  and  7).  French  fried  dasheens  took  dis- 
tinctly longer  to  leave  the  stomach  than  white  potatoes  prepared  in 
the  same  way  (see  fig.  8).  Another  subject  of  the  rapid-emptying  type 
showed  very  httle  difference  in  the  emptying  time  of  dasheens  as 
compared  with  potatoes  (see  fig.  II).  In  general  dasheens  appear  to 
require  a  lot^r  period  of  gastric  digestion  than  whit€  potatoes  but  no 
longer  than  sweet  potatoes. 

Cassava  root  was  tested  in  the  boiled  and  baked  forms.  A  subject 
of  the  rapid-emptying  type  showed  an  evacuation  time  for  boiled 
cassava  of  2)  hours  (see  table  3).  A  subject  of  the  slow-emptying  type 
required  3  hours  as  compared  with  2\  hours  for  boiled  white  potatoes 
(figs.  1  and  2).  Baked  cassava  with  butter  required  2}  hours  sa  com- 
pared with  ll  to  2}  hours  for  boiled  or  fried  white  potatoes  (figs.  6 
and  7).  The  cassava  root  thus  requires  a  little  longer  to  digest  in  the 
stomach  than  white  potatoes  similarly  prepared. 

Boiled  oyster  plant  required  about  the  same  period  of  gastric  diges- 
tion as  white  potatoes  (see  fig.  11). 

Beets,  carrots,  parsnips,  radishes  and  turnips.  Beets  whether  plain 
boiled  or  pickled  left  the  stomach  rapidly,  that  is,  in  from  1  to  Ij  hours 
for  subjects  of  the  rapid  type  and  2  hours  for  a  subject  of  the  slower 
type  (see  figs.  9,  13,  24  and  10).  Pickling  reduced  the  time  required 
for  beeta  to  leave  the  stomach  (fig.  13).  This  may  be  due  to  the 
acidity  of  the  pickled  beets. 

Carrots  were  fed  raw  and  boiled.  The  raw  carrots  left  rapidly,  that 
is,  in  from  1|  to  2  hours  (figs.  14  and  15).  Boiled  carrots  took  the 
same  subjects  distinctly  longer,  that  is,  2}  to  2}  hours.  This  may 
be  due  to  the  greater  acid-combining  power  of  the  boiled  carrots,  as  is 
indicated  by  the  much  higher  acid  curves  obtained  with  the  boiled 
vegetables.     These  results  do  not  confirm  the  statement  of  Hutchison 
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that  carrots  are  not  easily  disposed  of  by  the  stomach  (4),  though  it  is 
true  the  cellular  masses  disint^rate  slowly. 

Boiled  parsnips  were  tested  on  two  subjects.  In  each  ease  these 
vegetables  remained  in  the  stomach  3  hours  (figs.  14  and  24).  Par- 
snips thus  required  distinctly  longer  than  beets  or  carrots.  This 
may  be  because  parsnips  are  more  irritating  to  the  mucosa  of  the 
intestine. 

Radishes  were  given  in  50  gram  portions  to  two  subjects.  In  one 
case  (figs.  15  and  16)  the  radishes  left  the  stomach  in  1}  hours  or  much 
more  rapidly  than  100  grams  of  carrots  or  sugar  com,  etc.  The  acidity 
developed  was  low  in  this  case  but  moderate  in  the  other  subject 
(fig.  10).  In  the  latter  case  the  radishes  left  in  IJ  hours  or  more 
quickly  than  any  vegetables  except  red  beets. 

An  alcoholic  extract  of  the  radish  peel  furnishes  a  very  sensitive 
indicator  for  acid  and  alkah  titrations  as  pointed  out  by  Sacber  (3) 
whose  results  we  were  able  in  a  general  way  to  confirm.  As  the  pink 
color  of  the  acid  solution  changes  to  blue  in  an  hydroxyl-ion  con- 
centration less  than  that  required  for  phenolphthalein  it  did  not  inter- 
fere appreciably  with  our  titrations  for  total  acidity. 

Boiled  turnips  left  the  stomach  rapidly.  In  both  cases  (figs.  9  and 
12)  100  grams  of  turnips  left  in  1)  hours.  This  may  be  attributed  to 
the  low  content  of  turnips  in  substances  combining  with  acid. 

Beane,  peas,  endives  and  lentils.  Boston  baked  beans  were  tried  out 
on  two  individuals  (see  figs.  17  and  23).  As  might  be  expected  from 
their  high  protein  content,  these  beans  remained  somewhat  longer  in 
the  stomach  than  most  other  forms  of  vegetables  and  developed  higher 
combined  acidities.  Thus  where  beans  required  3J  hours,  cabbage  raw 
or  boiled  required  1}  hours  (fig.  23).  Baked  lima  beans  were  tested 
on  one  subject  of  the  rapid-emptying  type  and  while  only  2  hours 
were  required  by  this  subject  to  digest  the  beaus,  a  shorter  period  was 
required  for  nearly  all  of  the  other  vegetables  tested  (see  figs.  11  and  12). 

String  beans,  on  the  other  hand,  left  the  stomach  rapidly  resembling 
the  green  vegetables  in  their  stimulatory  power  upon  the  stomach  (see 
figs.  S,  9  and  18).  Any  view  that  string  beans  normally  remain  a  long 
time  in  the  stomach  is  therefore  shown  to  be  without  foundation. 

Boiled  peas  left  the  stomach  in  If  hoyrs  in  each  of  the  two  cases 
where  they  were  fed.  In  each  case  they  were  handled  more  rapidly 
than  beans  (figs.  11,  12  and  17). 

But  a  single  experiment  was  carried  out  on  boiled  lentils  (see  fig.  21). 
These  required  2j  hours  to  leave  the  stomach  or  a  httle  longer  than 
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peas.  Raw  endives  required  Ij  to  2  hours  in  the  caaes  of  two  indi-- 
viduals  of  the  rapid-emptying  type.  They  thus  resembled  peas  as  far- 
aa  evacuation  time  was  concerned  (see  figs.  19  and  20). 

Cabbage,  lettuce,  asparagus  atid  cauliflower.  Asparagus  (a  canned 
variety)  left  the  stomach  rapidly,  requiring  but  Ij  hours  (see  fig.  22). 
Boiled  cauliflower  required  for  the  same  subject  a  few  minutes  longer. 
In  the  case  of  a  subject  of  a  different  type  (see  fig.  24)  the  cauliflower 
took  as  long  as  baked  beans  and  much  longer  than  cabbage. 

The  digestion  of  cabbage  was  studied  and  comparisons  made  of  the 
gastric  response  to  the  raw  and  boiled  forms  of  this  vegetable.  Even 
subjects  who  showed  slow  evacuation  on  most  other  types  of  foods 
had  no  trouble  in  evacuating  cabbage.  Thus  a  subject  who  required 
3i  hours  for  either  baked  beans  or  cauliflower  required  only  1\  hours 
for  raw  cabbage  (see  fig  23).  Another  subject  who  retained  stewed 
veal  3J  hours,  retained  cabbage  but  Ij  hours  (see  fig.  18).  Boiled 
cabbage  required  in  one  case  the  same  period  of  digestion  as  the  raw, 
in  another  case,  however,  15  minutes  longer.  Boihng  does  not  seem 
to  increase  the  readiness  with  which  foods  of  this  character  are  handled 
by  the  stomach.  That  cooking  decreases  the  nutritive  value  throi^h 
loss  of  protein,  carbohydrate,  salts  and  antiscorbutics  is  well  known. 

Cold  slaw  required  an  hour  longer  to  leave  the  stomach  than  plain 
raw  cabbage  (fig.  18).  This  can  only  be  due  to  the  added  ingredients. 
*Sauerkraut  with  vinegar  required  for  one  subject  a  gastric  digestion 
period  of  2  hoiu^  as  compared  with  IJ  hours  for  plain  raw  cabbage. 

Lettuce  was  given  to  two  subjects,  comparisons  being  made  of  plain 
lettuce  with  lettuce,  sugar  and  vinegar,  and  with  lettuce,  olive  oil  and 
vinegar.  A  subject  of  the  rapid-emptying  tyi>e  (fig.  18)  showed  a 
gastric  digestion  time  of  IJ  hours  for  plain  lettuce  as  compared  with  2 
hours  for  the  sugar-vinegar  preparation  and  If  hours  when  the  leaves 
were  treated  with  ohve  oil  and  vinegar.  A  subject  of  a  different  type 
(fig.  23)  showed  an  evacuation  time  of  2i  hours  for  the  plain  lettuce 
and  3  houra  when  oil  and  vinegar  were  added.  The  lettuce  alone 
therefore  threw  a  lesser  burden  upon  the  stomach  and  lettuce  belongs 
to  the  most  easily  evacuated  class  of  foods  in  spite  of  its  great  bulk 
as  compared  with  equal  weights  of  many  such  foods.  Thi^  is  related 
to  the  fact  that  such  lettuce  leaves  the  stomach  almost  unchanged 
and  free  acidities  are  quickly  developed  in  the  stomach  after  eating 
lettuce  due  to  the  low  acid-combining  power  of  the  leaves.  The  re- 
sponse of  the  stomach  to  lettuce  is,  as  indicated  by  the  charts, very- 
similar  to  that  of  cabbage  in  the  same  individuals. 
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Celery  and  npinack  and  onions.  Raw  and  cre^ned  celery  were  com- 
pared on  two  different  subjects  (see  figs.  10  and  25) .  In  both  caaes  the 
creamed  celery  left  the  stomach  sooner  than  the  raw  and  in  one  case 
the  difference  was  marked.  This  in  spite  of  the  fact  that  while  100 
grams  of  the  creamed  product  were  fed  in  each  cose  only  84  and  69 
gFEims  respectively  of  the  raw  stalk  were  ingested.  In  considering  the 
rather  alow  evacuation  of  raw  celery  its  pronounced  flavor,  high  cellu- 
lose content,  and  the  fact  that  targe  amounts  of  it  are  not  ordinarily 
eaten  at  one  time,  must  be  borne  in  mind. 

Boiled  spinach  was  given  to  three  subjects  (see  figs.  1  and  6).  It 
remained  in  the  stomach  from  2  to  3}  hours,  which  was  distinctly 
longer  than  for  moat  other  foods  of  the  vegetable  class. 

Stewed  and  fried  onions  were  fed  to  four  subjects.  Only  25  grams 
of  the  fried  onions '  were  fed.  The  stewed  onions  remained  in  the 
stomach  longer  than  other  v^etables  low  in  protein,  such  as  cauli- 
flower or  asparagus  but  not  longer  than  such  high  protein  vegetables 
as  beans  and  peas  (see  figs.  17  and  22).  The  fried  onions  required 
from  \\  to  2i  hours  to  leave  the  stomach.  It  seems  clear  that  while 
the  irritating  character  of  the  onion  delays  its  passage  somewhat  this 
delay  is  not  notable  where  moderate  amounts  only  of  onions  are  taken. 

Ckayoles,  cucumbers,  squash  and  tomatoes.  Chayotes  were  creamed 
and  in  this  form  tested  out  on  four  individuals  of  the  rapid-emptying 
type.  Evacuation  times-varied  from  Ij  to  2  hours.  The  acid  re- 
sponses were  relatively  low  {see  figs.  8,  9,  12,  14  and  16).  The  chayote 
belongs,  therefore,  in  a  class  with  those  vegetables  which  leave  the 
stomach  most  rapidly. 

Cucumbers  were  given  to  two  subjects  each  receiving  first  the  raw 
sliced  fruit  and  then  on  a  later  day  the  same  amount  of  sliced  cucum- 
ber which  had  been  salted  over  night,  the  view  being  prevalent  that 
such  ■  treatment  renders  this  vegetable  more  digestible.  The  salted 
cucimibers  did  in  fact  leave  the  stomachs  of  these  men  a  quarter  of  an 
hour  sooner  than  the  unsalted  (figs.  13  and  26).  It  does  not  seem 
likely  that  this  slight  difference  in  evacuation  tune  can  be  of  great 
significance.  The  cucumbers  left  the  stomach  somewhat  less  rapidly 
than  boiled  com  or  beets  but  much  more  readily  than  a  meat.  These 
vi^etables  do  not  therefore  appear  to  impose  any  special  burden  upon 
the  stomach.     No  ill  effects  were  noted  in  any  case. 

In  Korea  "cucumbers  are  the  most  favored  vegetables,  and  at  one 
meal  one  gets  them  prepared  in  three  or  four  ways — cucumber  soup, 
salted  cucumbers,  fresh  sliced  cucumber  and  cucumber  water.    From 
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a  baby  who  is  hardly  able  to  walk,  up  to  the  old,  gray-Jiaired  men, 
everybody  eats  cucumbers  and  preferably  impeeled"  (6). 

Boiled  squash  remained  in  the  stomachs  of  two  subjects  of  the 
rapid-emptying  type  for  2i  and  2J  hours  respectively  (figs.  14,  15  and 
16).  This  was  about  the  same  time  as  required  for  boiled  carrots  or 
sugar  com  and  a  little  longer  than  for  raw  carrots  or  tomatoes. 

Tomatoes  were  fed  to  four  men.  Two  of  these  subjects  were  fed 
raw  tomatoes  and  then  a  few  days  later  an  equal  quantity  of  the  boiled 
fruit.  Again  the  boiling  of  a  vegetable  was  found  to  retard  evacuation 
in  this  case  by  ^  to  i  hour  (figs.  27  and  28).  Raw  tomatoes,  it  will 
be  noted,  left  the  stomach  rapidly  even  with  subjects  of  the  slow- 
emptying  type,  this  rapidity  of  evacuation  being  quite  striking  as  com- 
pared with  most  of  the  foods  tested  . 

Mtishrooms.  Mushrooms  were  fed  to  four  subjects  in  amounts  of  50 
to  100  grams.  In  one  case  these  mushrooms  required  15  minutes 
longer  to  leave  the  stomach  than  raw  endives  which  in  turn  gave  a 
response  similar  to  that  of  peas.  In  the  other  cases  no  direct  com- 
parisons  were  made  with  other  vegetables  as  the  principal  object  was 
to  test  the  influence  of  mushrooms  on  the  d^eatibility  of  meats  which 
results  will  be  published  in  another  connection.  It  is  clear,  however, 
that  subjects  of  the  rapid-emptying  type  may  require  no  longer  than 
2J  hours  to  evacuate  as  large  amounts  of  mushrooms  as  100  grama 
and  hence  these  fungi  cannot  be  said  to  throw  any  unusual  burdens 
upon  the  stomach. 

Rice,  polished  and  unpolished,  com  and  barley.  This  group  of  foods 
consists,  of  course,  of  cereal  foods  but  inasmuch  as  they  are  frequently 
used  as  substitutes  for  certain  of  the  common  vegetables  some  com- 
parative tests  may  be  of  interest  in  this  connection. 

Boiled  barley  was  tried  out  in  only  two  eases.  A  subject  of  the 
rapid-emptying  type  evacuated  this  food  in  IJ  hours  while  a  subject 
of  the  slow-emptying  type  required  3  hours  (fig.  30)  or  about  the  same 
time  as  for  unpolished  rice. 

Canned  sugar  corn  was  fed  to  three  subjects.  The  best  comparison 
is  given  by  figures  15  and  16,  showing  the  com  to  leave  the  stomach 
in  about  the  same  time  as  raw  carrots  or  tomatoes  but  more  rapidly 
than  boiled  carrots  or  boiled  squash. 

Boiled  hominy  required  2  hours  in  the  case  of  a  subject  of  the  rapid- 
emptying  type  and  thus  would  appear  to  leave  the  stomach  almost  as 
rapidly  as  sugar  com. 


lizcdbyGoOi^Ie 


*  0A8TRIC  RE8PONSB  TO  VEGETABLES  345 

Boiled  polished  and  unpolished  rice  was  fed  to  four  subjects  all  of  the 
slow-emptying  type.  One  comparison  of  the  two  on  the  same  subject 
would  indicate  that  the  unpolished  rice  remains  in  the  stomaxih  for  a 
distinctly  shorter  time  or  2}  hours  as  compared  with  4  hours  for  the 
polished  rice.  In  another  case,  however  (fig.  2),  the  polished  rice  was 
evacuated  in  a  relatively  short  time.  One  man  emptied  unpolished 
rice  in  about  the  same  time  as  boiled  barley  (fig.  30)  while  figure  31 
illustrates  the  response  of  a  subject  who  required  but  2J  hours  for 
unpolished  rice.  It  appears  that  impoUshed  rice  ia  readily  handled  by 
the  aven^  stomach  and  usually  passes  on  into  the  intestine  sooner 
than  polished  rice  similarly  cooked. 

Agar-agar.  Inasmuch  as  many  of  the  v^etables  tested  contained 
cellulose  as  a  chief  constituent,  and  in  spite  of  the  slight  action  of  the 
gastric  juice  upon  such  cellulose,  they  left  the  stomach  rapidly,  it  was 
thought  of  interest  to  determine  the  response  of  the  stomach  to  nearly 
pure  cellulose  or  hemicellulose.  For  this  purpose  ^ar-agar  soaked  in 
water  was  chosen.  A  comparison  was  made  of  the  agar-agar  with 
boiled  unpolished  rice  (^.  31).  While  the  rice  required  2i  hours  and 
developed  an  acidity  of  50,  the  agar-agar  required  only  li  hours  show- 
ing an  acid  development  of  60.  This  rapid  evacuation  of  hemicellulose 
is  believed  to  throw  considerable  Ught  on  the  problem  of  the  reasons 
for  the  typical  response  of  the  stomach  to  certain  classes  of  vegetables. 

Microscopical.  The  samples  of  gastric  contents  withdrawn  for  frac- 
tional analysis  were  also  in  most  cases  exMoined  microscopically  with 
a  view  to  determining  the  degree  of  disint^ration,  the  extent  of  starch 
digestion  and  other  changes. 

Most  of  the  vegetables  which  were  fed  in  the  raw  condition,  although 
they  left  the  stomach  rapidly,  showed  slow  disintegration  of  the  cells 
and  cellular  masses.  This  resistance  to  gastric  digestion  was  noted  for 
raw  carrots,  celery,  tomatoes,  lettuce,  cabbage  and  cucumbers.  Boiled 
carrots  and  cabbage  showed  much  more  complete  disintegration  and  left 
the  stomach  later.  Creamed  celery  and  chayotes  were  also  rather 
slowly  broken  up.  In  most  casra  boiled  vegetables  exhibited  a  rapid 
cellular  disintegration.  This  was  noted,  for  example,  with  boiled 
white  and  sweet  potatoes,  turnips,  squash,  peas  and  dasheen.  Some- 
what less  rapidly  broken  up  were  fried  potatoes,  spinach,  string  beans, 
oyster  plant,  parsnips,  baked  beans,  asparagus,  beets,  sugar  com  and 
cauliflower.  Potato  chips  were  resistant  due  to  their  fat  content. 
With  stewed  onions  the  larger  cells  were  soon  broken  but  the  small 
cells  were  more  resistant. 


lizcdbyGoOi^Ie 


346  HILLBRj   FOWLSR,   BERQEIM,   BBHFUSS  AND' HAWiE 

The  starchy  vegetables  such  aa  the  potatoes  were  found  to  be  con- 
siderably affected  by  salivary  digestion.  The  starch-iodine  reaction 
frequently  became  very  sUght  early  in  gastric  digestion,  the  red  dextrin 
color  only  being  obtained.  In  other  cases  the  starch  reaction  decreased 
markedly  by  the  end  of  one  hour  or  toward  the  end  of  digestion.  Baked 
beans  and  sugar  corn  showed  considerable  starch  digestion  although 
some  cells  giving  the  blue  iodine  reaction  could  nearly  always  be  found. 

The  formol  titration.  The  forma]  titration  for  amino  acid  groups  was 
carried  out  in  every  case.  In  general  it  may  be  said  that  these  values 
were  either  low  and  fairly  constant  throughout  digestion  (ae  might  be 
expected  in  the  case  of  foods  of  low  protein  content)  or  the  values 
began  high  and  gi^ually  decreased  to  a  low  value.  The  latter  we 
believe  represent  in  the  main  cases  where  the  residuum  at  starting  was 
high  in  digestion  products  which  became  gradually  diluted  although  in 
some  cases  it  was  due  to  a  high  initial  concentration  of  amino  sub- 
stances in  the  foods  themselves.  Nothing  like  the  marked  progressive 
development  of  amino  acid  nitrogen  occurring  in  the  case  of  meats, 
etc.,  was  noted  for  vegetables. 

BDMUART    AND   CONCLUSIONS 

A  study  was  made  of  the  response  of  the  normal  human  stomach  to 
thirty  different  kinds  of  vegetables  prepared  in  different  ways.  One 
hundred  and  twenty-four  experiments  were  made  on  twenty-five 
normal  men.  The  evacuation  times  and  acid  responses  of  the  stomach 
were  determined  and  physical  and  chemical  changes  in  the  ingeeted 
food  noted.  Subjects  were  classified  as  belonging  to  the  alow-  and 
rapid-emptying  types. 

The  average  evacuation  time  for  all  subjects  of  the  rapid-emptying 
type  was  2  hours  and  for  the  slow-emptying  type  2\  hours.  The 
averages  of  the  high  points  of  the  total  acid  curves  were  70  and  77 
respectively. 

The  response  of  the  stomach  to  potatoes  prepared  in  the  following 
different  ways  was  determined:  whole  boiled,  creamed,  mashed  (with 
and  without  milk  and  butter),  baked  (with  and  without  butter),  potato 
salad,  French,  German  and  plain  fried  potatoes,  and  potato  chips.  All 
of  these  left  the  stomach  in  moderate  time  or  \\  to  2j  hours  for  rapid 
type  individuals  and  2  to  3i  hours  for  the  slow  type.  Baked  potatoes 
with  butter  required  more  than  the  avenge  time  but  plain  baked 
potatoes  about  the  same  time  as  boiled  potatoes.     The  addition  of 
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milk  and  butter  to  mashed  potatoes  had  little  effect  nor  did  creamed 
potatoes  or  potato  salad  differ  much  from  plain  boiled  potatoes  as  re- 
gards gastric  response.  Fried  potatoes  left  the  stomach  as  rapidly  as 
potatoes  prepared  in  other  ways.  French  fried  potatoes  a  few  minutes 
longer  than  German  or  plain  fried  potatoes.  Potato  chips  were  han- 
dled very  rapidly  by  the  stomach  considering  their  high  solid  and  fat 
content. 

Sweet  potatoes  whether  boiled,  baked  or  fried  remained  longer  Id 
the  stomach  than  white  potatoes  cooked  in  the  same  ways.  Dasheens, 
whether  boiled,  baked  or  fried  required  a  longer  period  of  gastric 
digestion  than  white  potatoes  but  no  longer  than  sweet  potatoes. 
Cassava  roots  were  fed  boiled  and  baked  and  found  to  require  a  little 
longer  than  white  potatoes  similarly  prepared.  Boiled  oyster  plant 
required  about  the  same  period  of  gastric  digestion  as  white  potatoes. 

Boiled  red  beets  left  the  stomach  rapidly,  i.e.,  in  from  1  to  2  hours. 
After  being  pickled  in  vinegar  they  left  still  more  rapidly,  the  vinegar 
evidently  hastening  the  evacuation.  Raw  carrots  also  left  the  stomach 
rapidly  (in  from  IJ  to  2  hours).  Boiled  carrots  took  distinctly  longer 
(2^  to  2^  hours).  Boiled  parsnips  required  distinctly  longer  than 
beets  or  carrots.  Boiled  turnips  left  the  stomach  in  Ij  hours.  Rad- 
ishes in  amounts  of  50  grams  left  the  stomach  very  rapidly  (in  from 
Ij  to  Ij  hours). 

Baked  beans,  as  might  be  expected  from  their  high  protein  content, 
remained  somewhat  longer  in  the  stomach  than  most  other  kinds  of 
vegetables  and  developed  higher  combined  acidities.  String  beans,  on 
the  other  hand,  left  the  stomach  rapidly  resembUng  more  closely  the 
green  vegetables  in  stimulatory  power  upon  the  stomach.  Boiled 
peas  required  If  hours  in  each  of  two  cases  or  less  time  than  baked 
beans.  Boiled  lentils  appeared  to  require  a  little  longer  than  peas 
while  raw  endives  resembled  peas  as  far  as  evacuation  times  were 
concerned. 

Asparagus  left  the  stomach  rapidly.  Boiled  cauliBower  required 
only  a  few  minutes  longer  in  one  case,  but  in  a  subject  of  the  slow 
type  showed  delayed  evacuation. 

Cabbage  whether  raw  or  cooked  left  the  stomach  rapidly  even  in 
subjects  of  the  slow-emptying  type.  Boiled  cabbage  was  not  handled 
more  readily  than  the  raw.  Cold  slaw  and  sauerkraut  required  dis- 
tinctly longer  to  leave  the  stomach  than  plain  cabbie. 

Lettuce  in  spite  of  its  bulky  character  was  found  to  be  one  of  the 
most  easily  evacuated  of  foods,  the  response  to  thfe  food  resembling 
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that  to  cabbage.  The  addition  of  sugar  and  vinegar  or  oil  and 
vinegar  delayed  evacuation. 

Celery  in  the  raw  Btate  is  evacuated  more  slowly  than  cabbage  or 
lettuce  but  creamed  celery  caused  less  difficulty.  Spinach  remained 
in  the  stomach  distinctly  longer  than  most  v^etables. 

Onions  stewed  and  fried  showed  slower  evacuation  than  other  v^^ 
tables  low  iu  protein,  but  not  longer  than  high  protein  vegetables, 
when  fed  in  moderate  amounts. 

Creamed  chayotes  left  the  stomach  rapidly  (in  from  1}  to  2  hours), 
cucumbers  did  not  impose  any  special  burden  on  the  stomach,  whether 
salted  or  unsalted.  The  unsalted  required  but  a  few  minutes  longer 
than  the  salted  cucumbers. 

Boiled  squash  required  21  to  2}  hours  or  about  the  same  time  aa 
boiled  carrots  or  sugar  com. 

Kaw  tomatoes  left  the  stomach  very  rapidly  in  all  cases.  Boiled 
tomatoes  required  a  longer  time. 

Mushrooms  require  only  a  moderate  period  of  gastric  digestion — 2\ 
hours  with  a  subject  of  the  rapid  type. 

Stewed  com  left  the  stomach  almost  as  rapidly  as  raw  carrots  or 
tomatoes  and  boiled  hominy  required  but  httle  longer. 

Boiled  unpohshed  rice  and  boiled  barley  were  readily  handled  by 
the  stomach  and  usually  passed  into  the  intestine  sooner  than  boiled 
polished  rice. 

Raw  agar-agar  left  the  stomach  in  IJ  hours  as  compared  with  2} 
hours  for  boiled  unpolished  rice.  Hemicelluloses  appear  therefore  to 
leave  the  stomach  very  rapidly  and  show  a  certain  analogy  with 
vegetables  such  as  cabbage  and  lettuce. 

In  general  raw  vegetables  low  in  protein,  as  carrots,  celery,  tomatoes, 
cabbage,  lettuce  and  cucumbers,  leave  the  stomach  rapidly,  develop 
moderately  high  free  acidities  but  little  combined  acidity  and  leave 
the  stomach  without  great  change.  Boiled  vegetables  show  much 
more  rapid  and  complete  disintegration.  Vegetables  high  in  starch 
such  as  potatoes  show  very  considerable  starch  digestion  before  leav- 
ing the  stomach.  In  certain  cases  hardly  any  starch  reaction  could  be 
obtained  toward  the  end  of  digestion. 

The  authors  desire  to  thank,  for  their  cooperation,  the  many  medical 
students  who  sacrificed  time  and  convenience  to  serve  as  subjects  of 
■  these  experiments. 
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The  questioD  whether  the  epinephrin  output  of  the  adrenals  is 
esaentially  concerned  in  the  production  of  certain  experimental  hyper- 
glycemias haa  been  much  debated.  Two  main  ways  of  approaching 
the  question  are  theoretically  open:  a,  the  estimation  of  the  output  of 
epinephrin  under  the  action  of  the  factors  inducing  the  experimental 
hyperglycemia,  in  order  to  show  whether  this  can  be  suiEciently  great 
to  permit  the  introduction  into  the  blood  of  the  necessary  excess  of 
epinephrin  as  determined  by  artificial  injection;  b,  study  of  the  blood 
sugar  content  in  the  absence  of  the  adrenals  or  after  interference  with 
their  epinephrin  secretion,  when  the  conditions  which  cause  hypergly- 
cemia with  intact  adrenals  are  induced.  The  first  method  of  approach 
might  seem  to  be  the  more  direct,  but  it  has  been  little  used.  Such 
results  as  have  been  obtained  on  the  rate  of  output  of  epinephria  in 
ether  narcosis  and  asphyxia  are  quite  unfavorable  to  the  view  that  epi- 
nephrin plays  any  sensible  rdle  in  the  production  of  the  hyperglycemia. 

Of  the  numerous  researches  made  by  the  second  method  many, 
unfortunately,  however  interesting  in  other  relations,  throw  no  light 
upon  the  question  at  issue  because  essential  conditions  were  not  ful- 
filled.   The  most  important  of  these  seem  to  be  the  following: 

1.  The  glycogen  store  must  be  adequate  to  permit  of  a  decided 
hypei^lycemia.  N^ative  results  cannot  otherwise  be  accepted.  The 
only  sure  way  is  to  estimate  the  liver  glycogen, 

2.  Only  animals  which  have  completely  recovered  from  the  effects 
of  the  operation  practised  to  eliminate  the  adrenal  epinephrin  output 
should  be  used.  Cats  as  employed  by  us,  after  removal  of  one  adrenal 
and  section  of  the  nerves  of  the  other,  and  rabbits  which  have  survived 
double  adrenalectomy,  fulfil  this  condition. 
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3.  The  question  of  the  idle  of  the  adrenals  should  not  in  the  present 
Btate  of  our  knowledge  be  complicated  by  unnecessary  interference 
with  the  {nerve  supply  of  the  liver.  For  example,  negative  results 
after  section  of  both  splanchnics  cannot  be  used  to  determine  the 
question  of  the  indiapensability  of  the  adrenals.  In  our  experiments 
on  ether,  asphyxia  (1)  and  piqdre  hyperglycemia  (2)  only  one  splanchnic 
was  cut  in  the  cats  and  neither  splanchnic  in  the  rabbits. 

We  beheve  it  is  inadvisable  to  complicate  the  question  whether  the 
adrenals  are  essential  for  the  development  of  experimental  hypergly- 
cemias with  speculations  on  the  possible  output  of  epinephrin  from  the 
diffuse  chromaffine  tissue.  There  is  no  evidence  as  to  the  possible 
magnitude  of  the  output  of  epinephrin,  if  there  is  any  output,  from 
these  scattered  chromaffine  cells  and  no  obvious  way  of  investigating 
the  matter.'  Our  own  experiments  have  been  concerned  solely  with 
the  adrenals.  Whether  they  are  essential  for  the  hyperglycemias 
studied  is  a  question  which  can  be  definitely  settled.  We  believe  it 
has  been  definitely  decided  in  the  negative,  and  that  the  so-called 
"adrenalin  hypothesis"  should  be  abandoned,  at  least  in  the  case  of 
these  forms  of  hyperglycemia. 

Recently,  however,  Keeton  and  Ross  (3)  have  published  a  paper 
on  the  mechanism  of  ether  hyperglycemia  in  dogs,  in  which  they  make 
the  point  that  a  short  etherization  is  associated  with  some  hypergly- 
cemia even  when  both  splanchnic  nerves  have  been  cut,  but  that  this 
does  not  persist,  under  continuous  insufflation  of  ether,  as  it  does  in 
the  case  of  normal  dogs.  Incidentally  they  raise  the  question  whether 
the  etherization  in  our  experiments  was  continued  long  enough.  They 
think  it  was  not,  and  that  we  might  have  obtained  a  different  result 
with  &  longer  period  of  etherization.  For  this  reason  they  do  not 
consider  that  we  have  demonstrated  conclusively  that  ether  hyper- 
glycemia can  occur  in  the  absence  of  the  epinephrin  output  of  the 
adrenals.  Section  of  both  splanchnics  introduces  the  complication 
that  the  innervation  of  the  liver  is  greatly  interfered  with,  whereas 
our  object  was  to  interfere  only  with  the  adrenals,  and  in  this  r^ard 

'  If  the  diffuse  chromaffine  tissue  is  under  the  control  of  nerves  in  respect  of 
&ny  output  of  epinephrin,  as  is  to  be  supposed  since  it  represents  sympathetic 
nerve  cells,  the  output  could  be  greatly  interfered  with,  it  may  be  assumed,  by 
section  of  sympathetic  fibers,  including  the  splanchnics,  or  by  appropriate 
spinal  cord  section.  In  animals  which  have  survived  in  good  health  some  of  the 
operations  practised  by  us,  it  seems  probable  that  a  large  part  of  the  epinephrin 
output,  if  any  exists,  of  the  diffuse  chromaffine  tissue  was  suppressed  as  well  as 
that  of  the  adrenals. 
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our  experiments  are  not  ref^y  comparable  with  those  of  Keeton  and 
Robs.  Nevertheless,  as  comieous  criticiBm  is  always  helpful  and  as, 
of  course,  it  might  be  possible  that  a  longer  period  of  etherization 
dtould  develop  a  difference  between  normal  animals  and  those  in  which 
the  adrenal  epinephrin  output  has  been  interfered  with,  we  have 
made  some  experiments  in  which  the  blood  sugar  was  determined  at 
the  end  of  a  short  period  (20  minutes)  and  again  at  the  end  of  a  much 
longer  period  of  etherization  (80  to  90  -minutes).  The  experiment  was 
wound  up  with  a  period  of  asphyxia  and  another  blood  sample  col- 
lected, since  asphyxia  is  one  of  the  surest  methods  of  producii^  hyper- 
glycemia, and  in  the  event  of  a  n^;ative  result  with  ether  the  asphyxia 
sample  serves  as  a  control  to  show  whether  the  nutritive  condition  of 
the  animal,  especially  the  glyct^en  store,  was  compatible  with  a  well 
marked  hyperglycemia.  In  addition,  the  glycogen  contend  of  the 
liver  was  estimated.  ^ 

Before  proceeding  to  these  experiments,  however,  it  Beems  necessary 
to  explain  what  we  aimed  at  in  our  previous  experiments.  Keeton 
and  Ross  state  that  "of  four  of  their  (Stewart  and  Rogoff's)  experi- 
ments, only  two  show  a  gain  (0.087  to  0.151  and  0.142  to  0.176)  that 
doee  not  fall  within  the  limit  of  experimental  error.  The  other  two 
(0.200  to  0.233  and  0.002  to  0.098)  are  not  significant."  This  criticism 
is  based  on  a  misapprehension.  We  made  a  nmnber  erf  blood  Sugar 
experiments  on  each  cat  at  different  dat«s.  In  some  instances  tlw 
results  were  negative  in  one  of  the  experiments,  while  on  another  day, 
perhaps  a  week  or  more  thereafter,  the  animid  meanwhile  being  specially 
fed,  the  results  were  positive,  doubtless  owing  to  the  difference  in  the 
nutritional  state  (glycc^en  content  of  liver),  a  condition  which  is  known 
to  be  of  the  highest  importance  for  the  production  of  such  experimental 
hsrpe^lycemias.  Precisely  similar  results  are  obtained  in  normal 
animals. 

In  the  new  experiments  rabbit«  which  had  survived  the  removal  of 
both  adrenals  were  employed,  and  here  of  course  there  was  no  question 
of  imy  residual  liberation  of  epinephrin  from  the  adrenals.  The 
unimula  had  perfectly  recovered  from  the  primary  operations,  and  for 
8  to  11  da}^  before  the  blood  sugar  tests  were  placed  on  a  diet  of  carrots 
in  addition  to  the  routine  diet  of  oats  and  hay,  and  sugar  was  added 
to  the  drinking  water  twice  a  day.  The  glycc^n  content  of  the  Uver 
was  estimated  at  the  end  of  the  experiment.  The  reaults,  as  will  be 
seen  from  the  following  protocols,  were  entirely  confirmatory  of  our 
results  on  oats. 
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Condensed  protocol,    BiAbil  409 

September  19, 1919.    Excised  right  adrenal. 

October  21, 1919.    ExoiBed  left  adrenal.    Weight  of  rabbit  2.51  kgm. 

November  17  to  November  26, 1919.  Carrots  in  addition  to  usual  diet  (oaUi 
and  bay)  and  caae  augar  added  to  drinking  water,  twice  daily. 

November  25, 1919.    Condition  excellent.    Weight  2.67  kgm. 

9.  30  a.m.    2  cc.  blood  (from  ear  vein)  contained  0,13  perijent  dextrose. 

9.40  a.m.    Started  light  etherization. 

10.05  a.m.  2  cc.  blood  (from  ear  vein)  contained  0.16  per  cent  dextrose. 
Continued  light  etherisation  for  an  hour  longer. 

11.10  a.m.  2  cc.  blood  (from  ear  vein)  contained  0.27  per  cent  dextrose.  Now 
discontinued  etherization. 

11.25  a.m.    Started  asphyxia  and  continued  it  intermittently  till 

11.45  a.m.    2  cc.  blood  (from  ear  vem)  contained  0.37  per  cent  dextrose. 

The  liver,  excised  and  hydrolyzed  at  once,  contained  3.13  per  cent  of  glyco- 
gen.   The  liver  weighed  40.3  grams. 

Of  course,  the  glycogen  content  at  the  beginning  of  the  experiment  would  ba 
decidedly  greater  than  that  estimated  at  the  end. 

Condmted  PtoUkoI.    Rabbit  ilO 

September  19, 1919.    Excised  right  adrenal. 

October  21, 1919.    Excised  left  adrenal.    Weight  of  rabbit  3.18  kgm. 

November  17  to  November  28,  1919.  Carrots  in  addition  to  usual  diet  (oats 
and  hay)  and  cane  sugar  added  to  drinking  water,  twice  daily. 

November  28, 1919.    Condition  excellent.    Weight  3.25  kgm. 

9.30  a.m.    2  cc.  blood  (from  ear  vein)  contained  0.11  per  cent  dextrose. 

9.40  a.m.    Started  etherization  (to  sUrgicai  anesthesia). 

10.00  a.m.  2  cc.  blood  (from  ear  vein)  contained  0.27  per  cent  dextrose.  Con- 
tinued etherisation  (lightly)  for  an  hour  longer. 

11.05  a.m.  2  cc.  blood  (from  ear  vein)  contained  0.41  per  cent  dextrose.  Now 
discontinued  etherization. 

11.15  a.m.  Started  asphyxia:  after  7  minutes  of  asphyxia  (with  a  towel  over 
nose)  applied  oS  and  on  (being  guided  by  the  slowing  of  the  heart  rate)  the 
circulation  became  poor  and  the  respirations  shallow  and  slow.  Artificial 
respiration  was  started  and  ac  attempt  made  to  obtain  blood  from  the  femoral 
vein,  but  failed,  owing  to  the  poor  blood  flow.  The  chest  was  opened  and  2  cc. 
of  blood  were  obtained  from  the  right  heart.  The  heart  was  beating  feebly  and 
the  blood  was  dark.     This  specimen  contained  0.53  per  cent  dextrose. 

The  liver  was  excised  4  minutes  after  the  laiA  specimen  was  obtained  and 
hydrolyied  at  once.  It  contained  2.5  per  cent  of  glycogen  at  the  end  of  the 
experiment.  At  the  beginning  the  glycogen  content  must  have  been  greater. 
The  surplus  sugar  in  the  blood  at  the  end  would  alone  correspond  to  an  additional 
amount  of  0.7  per  cent  glycogen  in  the  liver. 

Our  results  on  asphyxial  hyperglycemia  (1),  (2)  both  in  cats  after 
interference  with  the  adrenal  epinephrin  output  and  in  rabbits  after 
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removal  of  both  adrenals  are  quite  as  conclusive  aa  those  on  ether 
hyperglycemia.  Where  the  liver  was  well  filled  with  glycogen  a 
marked  hyperglycemia  was  invariably  obtained.  What  interpretation 
can  possibly  be  placed  upon  such  results  except  that  the  adrenal  epi- 
nephrin  is  not  essential  to  the  production  of  these  hyperglycemias? 

Yet  a  quite  recent  writer,  Yamakami  (4),  seems  to  think  that  direct 
evidence  of  this  kind  can  be  set  aside  because  he  has,  as  he  supposes, 
shown  that  asphyxial  blood,  obtained  fropi  one  normal  rabbit  and 
injected  into  another  normal  rabbit  causes  a  rise  in  the  sugar  content 
of  the  blood.  Even  if  the  results  which  he  quotes  be  accepted  as 
proving  a  distinct  augmentation  in  the  blood  sugar  of  the  recipient 
rabbit,  in  addition  to  any  increase  due  to  the  sugar  actually  present  in 
the  injected  asphyxial  blood  (and  not  more  than  half  of  the  experi- 
ments reproduced  in  his  table  could  be  considered  positive),  they  are 
irrelevant  to  the  question  of  the  r61e  of  the  adrenals  in  asphyxial  hyper- 
glycemia. They  do  not  warrant  "the  hypothesis  that  adrenalin  in 
the  asphyxial  blood  is  responsible  because  we  do  not  know  at  present 
any  other  substance  than  adrenalin  in  the  blood  which  can  give  rise  to 
the  enhanced  sugar  content."  He  endeavors  to  exclude  changes  in 
carbon  dioxide  content  and  possible  changes  in  H-ion  concentration 
in  the  asphyxial  blood  as  factors.  It  would  seem  a  more  crucial  test 
to  estimate  the  epinephria  in  the  blood  injected,  since  it  is  universally 
acknowledged  that  a  certain  amount  of  epinephrin  will  cause  hyper- 
glycemia. Underbill  (5)  showed  that  very  large  quantities  of  adrenalin 
introduced  by  continuous  intravenous  infusion  into  non-anesthetised 
rabbits  (as  much  as  333  cc.  of  a  1 :  250,000  solution)  did  not  cause 
glycosuria.  It  must  be  noted  that  the  heart  blood  was  taken  from 
nearly  dead,  or  in  half  the  cases,  from  actually  dead  rabbits.  With 
the  extreme  slowing  of  the  blood  flow  in  the  inferior  cava  the  con- 
centration of  epinephrin  in  the  heart  blood,  so  long  as  the  adrenal 
epinephrin  output  was  not  affected,  would  tend  to  rise.  The  Japanese 
author  seems  to  have  had  some  suspicion  that  the  adrenalin  hypothesis 
might  not  have  much  to  support  it,  for  he  continues  "of  course,  we 
cannot  venture  to  claim  that  hyperadrenalinemia  was  proved  by  our 
experiments  to  exist  in  asphyxia."  Curiously  enough  he  states  early 
in  the  paper  that  "in  order  to  solve  the  problem  whether  the  adrenals 
are  involved  in  the  asphyxial  hyperglycemia  it  seems  to  be  the  wisest 
method  to  study  this  hypei^lycemia  in  animals  whose  adrenals  were 
removed  entirely,"  and  he  suggests  rabbits  which  have  survived  double 
adrenalectomy  as  the  most  suitable.    But  he  makes  no  mention  of  our 
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observstions  on  piqOre  and  asphyxial  hypei^lycemia  in  such  rabbits, 
which  demonstrate  that  the  adrenals  are  unnecessary.  Nor  does  he 
utilize  in  his  own  observations  what  would  be  a  really  crucial  experi- 
ment, the  injection  of  asphyxial  blood  from  an  adrenalectomized  rabbit 
into  a  normal  rabbit,  and  into  another  adrenalectomized  rabbit.  He 
seems  to  confuse  our  method  of  collecting  adrenal  vein  blood  with  the 
method  of  collecting  specimens  for  blood  sugar  estimations.  We  did 
not  of  course  anestbetise  the  animals,  perform  a  laparotomy,  etc.,  to 
obtain  blood  specimens  when  we  were  determining  whether  asphyxia 
could  cause  hyperglycemia  in  the  absence  of  epinephrin  discharge  from 
the  adrenals. 

Kellaway  (6)  has  recently  verified  our  conclusion  that  the  adrenal 
epinephrin  output  is  not  essential  to  the  production  of  the  hypergly- 
cemia induced  by  asfrfiyxia.  He  states  that  we  have  "denied  that  the 
suprarenals  play  any  part  in  producing  the  hyperglycemia."  We  h&ve 
not  as  a  matter  of  fact  put  our  conclusion  in  so  absolute  a  form  because, 
Eilthough  our  observations  do  not  reveal  any  essential  difference  between 
normal  animals  and  animals  with  the  epinephrin  output  interfered  with, 
in  the  d^ree  of  the  hyperglycemia  or  the  ease  and  certainty  with  which  it 
is  induced,  it  would  be  very  difficult  in  experiments  of  this  type  to  bring 
out  clearly  a  small  quantitative  difference  if  such  existed.  Kellaway's 
blood  sugar  results  in  normal  cats  and  in  cats  after  interference  with 
the  adrenal  epinephrin  output  are  very  much  like  our  own,  despite 
the  fact  that  in  his  observations  both  splanchnics  were  divided  and 
the  innervation  of  the  liver  crippled. 

His  contention  that  increased  adrenalin  output  is  a  factor  in  the 
bype^lycemia  is  not  supported  by  his  results  so  far  as  we  can  see. 
In  most  of  his  experiments  he  gets  a  good  hyperglycemia  with  anoxemia 
(or  asphyxia)  after  interference  with  the  epinephrin  output,  exactly  as 
we  found.  He  has  not  estimated  the  liver  glyG<^en  in  any  of  his  animals 
nor  does  he  indicate  anywhere  that  he  realizes  its  importance.  He 
seems  to  assume  that  "the  value  of  the  threshold  for  anoxemia  as 
regards  hyperglycemia"  can  be  fixed  once  for  all  for  a  given  animal  and 
that  if  breatfaii^  a  certain  percentage  of  oxygen  causes  hyperglycemia 
days  or  weeks  before  section  of  the  splanchnics  or  removal  of  the  adrenals, 
and  fails  to  cause  it  after  those  operations,  the  difference  must  necessarily 
be  due  to  the  absence  of  epinephrin.  It  is  impossble  to  accept  the 
conclusion  that  because  in  one  cat  (exper.  14)  "there  was  a  very  close 
correspondence  between  the  production  of  a  pupillary  paradox  and  a 
rise  in  blood  sugar"  before  section  of  the  splanchnics  and  removal  of 
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the  adrenals,  and  because  both  reactions  were  absent  or  greatly  reduced 
after  these  operations  "it  Beems  evident  that  in  this  cat  the  blood  sugar 
effects  were  lai^ely  due  to  adrenalin."  The  failure  to  obtain  hyper- 
glycemia at  the  end  of  the  experiment  on  the  day  after  removal  of  both 
adrenals  proves  nothing  at  all,  especially  in  the  absence  of  any  check 
on  the  glycogen  store.  The  isolated  observation  (in  exper.  15)  that 
the  intravenous  injection  of  a  quantity  of  adrenalin  (0.1  cc.  adrenalin  1 
in  300,000)  which  was  inadequate  to  elicit  the  paradoxical  pupil  re- 
action yet  caused  a  hyperglycemia,  is  cited  as  further  evidence  that  in 
asphyxial  hyperglycemia  adrenalin  plays  an  important  part.  There 
was  already  a  hyperglycemia  present  on  account  of  the  subjection  of 
the  animal  to  anoxemia  but  the  apparent  slight  increase  in  blood 
sugar  in  the  specimen  taken  after  injection  of  the  adrenalin  is  d^nitely 
attributed  to  the  0.0005  mgm.  of  adrenalin  injected. 

^ellaway's  acceptance  of  the  statements  in  the  literature  that  as- 
phyxia increases  the  rate  of  output  of  epinephrin  apparently  accounts 
for  the  uncritical  way  in  which  he  finds  support  in  his  own  observations 
for  the  view  that  increased  adrenalin  output  is  a  considerable  factor  in 
asphyxial  hypei^lycemia.  He  seems  to  forget  that  it  would  not  be 
enough  to  prove  that  asphyxia  causes  an  increase  in  the  epinephrin 
output,  it  must  be  shown  that  the  increase  is  sufficient  to  brii^  the 
epinephrin  content  of  the  blood  to  the  level  necessary  for  adrenalin  . 
hjrperglycemia  and  to  maintain  it  there. 

In  our  own  work  (7),  (8),  (0),  we  have  not  found  evidence  that  there 
is  any  detectable  increase  in  the  output  per  unit  of  time,  although,  of 
course,  when  the  blood  flow  through  the  adrenals  is  slowed  the  con- 
centration of  epinephrin  in  it  is  increased.  The  reason  why  our  result 
differs  from  that  of  'Kellaway  is  that  we  used  quantitative  methods 
which  really  enabled  us  to  measure  the  output  of  epinephrin  whereas 
he  did  not  make  any  measurements  at  all,  but  assumed  from  the  effect 
of  asphyxia  in  causing  the  paradoxical  pupillary  reaction  that  there 
must  have  been  an  increase  in  the  output.  This  is  not  a  specific  quaU- 
tative  reaction  for  adrenalin,  let  alone  a  reaction  by  which  the  rate  of 
output  can  be  quantitatively  estimated.*    The  fundamental  difference 

*  The  pupil  reaction  can  be  utiliied  tor  estimating  quantitatively  the  epineph- 
rin in  adrenal  vein  blood,  and  it  has  been  bo  employed  by  ua.  But  to  do  this 
variatioDB  in  the  other  factors  which  may  afiect  the  pupil  (anesthesia,  asphyxia, 
etc.)  must  be  eliminated,  the  only  change  made  being  the  addition  to  the  general 
blood  of  the  epinephrin  co  n  tain  in  g-ad  renal  blood  collected  in  a  cava  pocket 
for  a  de6nite  time  or  the  adrenalin  artificially  injected  to  assay  it. 
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between  Doctor  Kellaway's  work  and  our  own  embraces  much  more 
than  the  single  question  of  the  effect  of  asphyxia  on  the  epinephrin 
output.  All  our  work  on  the  influence  of  various  conditiona  and 
various  substances  upon  the  epinephrin  output  has  aimed  at  a  quanti- 
tative determination  of  epinephrin  in  the  adrenal  vein  blood.  Being 
able  to  tell  how  much  epinephrin  the  adrenab  were  giving  off  per  minute 
before  the  factor  under  investigation  was  allowed  to  act,  and  how 
much  they  were  giving  off  while  it  was  acting,  we  were  naturally  in  a 
different  position  for  determining  whether  any  change  had  occurred 
from  that  occupied  by  au  observer  who  could  not  have  any  idea  how 
much  epinephrin  was  being  given  off  at  any  time  throughout  tuB 
experiment. 

He  has  shown  that  the  anoxemia  is  the  important  faator  in  producing  the 
paradoxical  diltaatiiw  of  the  pupil  In  asphyxia.  This  isa  newaad  interesting  point. 
By  graduating  the  severity  of  the  asphyxia,  as  he  terms  it,  i.e.,  by  causing  the 
animal  to  breathe  mijitures  with  definite  percentages  of  oxygen  less  than  that 
of  the  atmosphere,  he  has  satisfied  himself  that  after  interference  with  the 
epinephrin  output  it  is  less  easy  to  provoke  the  paradoxical  dilatation  than  in 
norma]  animals,  although  in  Don-anesthetited  animals  he  still  gets  a  fair  re- 
action. He  studied  the  difference  produced  in  this  reaction  in  cats  by  section 
of  the  splanchnies  in  survival  experiments  and  by  removal  of  both  adrenals. 
We  have  no  observations  on  oats  after  bilateral  splanchnotomy.  Our  animals 
were  prepared  by  excision  of  one  adrenal  and  section  of  the  nerves  of  the  other 
according  to  Elliott's  method,  and  we  were  unable  to  convince  ourselves,  as 
we  have  stated  in  a  previous  paper  (10)  "that  there  is  any  striking  difference" 
in  the  paradoxical  reaction  induced  by  asphyxia  in  these  animals  as  bompared 
with  normal  cats,  although  "we  should  rather  expect  a  difference  if  the  normal 
epinephrin  output,"  as  we  believe,  "is  already  exerting  an  action"  on  the  sen- 
sitised iris.  Kellaway  also  obtained  a  relatively  small  difference  between  the 
normal  and  operated  cats  with  the  severer  grades  of  asphyxia,  and  it  is  possible 
that  by  using  his  "graduated"  method  instead  of  the  cruder  methods  previously 
employed  a  similar  difference  would  be  made  out  in  cats  prepared  in  the  way 
mentioned  as  he  found  in  cats  after  section  of  the  splanchnies.  But  this,  so  far 
as  we  can  see,  would  indicate  merely  that  the  epinephrin  was  a  factor  in  the 
asphyxial  paradoxical  reaction  and  would  not  prove  that  the  output  was  aug- 
mented by  asphyxia. 

We  have  obtained  evidence  (10)  that  epinephrin  passing  into  the  blood  at  the 
ordinary  rate  under  the  conditions  of  our  experiments  exerts  an  action  on  the 
pupil  (after  removal  of  the  superior  cervical  ganglion).  A  dilatation  produced 
by  epinephrin  disappears  more  quickly  if  the  adrenal  blood  is  prevented  from 
entering  the  circulation.  In  a  previous  paper  (9)  we  say  that  this  being  so 
"there  is  every  reason  to  expect  that  asphyxia,  which  even  according  to  Kella- 
way  causes  some  paradoxical  dilatation  in  the  absence  of  the  adrenals,  will  increase 
the  reactivity  of  the  pupil  to  this  ordinary  output."  Kellaway  professes  to  find 
that  the  phrase  "every  reason  to  expect"  "does  not  appear  to  have  any  definite 
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aignificanoe."  We  should  have  thought  it  self-evident  that  since  asphyxia,  aa 
such,  that  is  to  say  in  the  absence  of  the  adrenal  epinephrio,  can  cause  dilatation 
of  the  sensitised  pupil  Sind  since  epinephrin  can  also  cause  dilat&tion  there  would 
be  every  reason  to  expect  that  a  given  output  of  epinephrin  would  cause  a  greater 
effect  when  favored  or  reinforced  by  the  action  of  asphyxia  than  in  the  absence 
of  asphyxia,  and  that  accordingly  the  fact  that  a  paradoxical  reaction  was  more 
easily  elicited  or  elicited  in  greater  strength  with  intact  adrenals  than  in  their 
absence  would  not  of  itself  show  that  asphyxia  augments  the  rate  of  output  of 
epinephrin. 

We  have  observed  in  non-anesthetised  cats  (some  days  after  transection  of 
the  cord  in  the  cervical  region)  that  the  giving  of  ether  increased  the  reactivity 
of  the  pupil,  sensitised  by  previous  removal  of  the  superior  cervical  ganglion, 
to  adrenal  vein  blood  collected  in  a  cava  pocket,  so  that  with  a  given  time  of 
collection  a  reaction  was  obtained  where  none  had  been  obtained  before,  or  a 
good  reaction  was  elicited  where  only  a  small  one  had  been  got  before  the  ether. 
At  first  sight  this  looks  like  a  proof  that  ether  augments  the  epinephrin  output 
even  after  cervical  cord  section.  And  a  good  many  statements  with  no  definite 
basis  exist  in  the  literature  to  the  effect  that  anesthetics  cause  an  accelerated 
output.  All  that  was  necessary  to  dispose  of  this  interpretation  of  the  experi- 
ment mentioned,  was  to  inject  a  definite  dose  of  adrenalin  before  and  after  ad- 
ministration  of  ether.  The  pupillary  response  to  one  and  the  same  dose  was 
increased  by  the  ether.  The  explanation  we  think  is  obviously  that  ether, 
which  itself  causes  a  dilatation  of  the  sensitised  pupil,  favors  the  dilating  action 
of  the  adrenalin,  just  as  asphyxia  does.  Depression  of  the  pupillo-constrictor 
activity,  however  produced,  would  bring  about  such  an  effect,  and  Langley  (11} 
points  out  that  paralysis  of  the  ciliary  ganglion  by  nicotine,  for  example,  may 
complicate  observations  made  by  the  aid  of  the  pupillary  paradoxical  reaction. 
Kellaway's  experiments  on  the  excised  iris  throw  no  light  upon  the  question. 

His  observation  that  when  the  aorta  is  clipped  asphyxia  causes 
dilatation  of  both  pupils,  whereas  on  releasing  the  aorta  there  is  a  pr^er- 
ential  dilatation  of  the  sensitised  pupil  simply  shows  that  enough  epi- 
nephrin secreted  at  the  ordinary  rate  has  been  collected  in  the  adrenal 
vessels  and  the  cava  to  give  a  good  or  a  maximal  pupillary  paradox 
when  it  is  allowed  to  move  on  after  release  of  the  aorta.  The  experi- 
ment is  only  a  repetition  in  a  crude  form  of  our  own  observations  on 
the  measurement  of  the  epinephrin  output  by  the  pupil  reaction,  and 
the  paradoxical  reaction  is  also  obtained  without  asphyxia. 

It  is  a  complete  mistake  to  impute  our  negative  result  in  asphyxia 
to  the  condition  of  the  animals  in  consequence  of  the  operation  practised 
by  us  to  obtain  the  adrenal  vein  blood.  The  paradoxical  pupiUary 
reaction  is  excellently  obtained  at  the  time  when  we  are  inducing  asphyxia 
after  kamng  prepared  the  cava  pocket  for  collection  of  the  adrenal  blood 
and  thereafter  in  the  course  of  ike  experiment.  According  to  Kellaway 
this  proves  that  the  epinephrin  output  is  augmented.    We  collect  the 
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adrenal  blood  at  this  time.  We  estimate  the  concentration  of  epi- 
nephrin  in  the  blood  and,  knowing  the  rate  at  which  the  blood  wae  col- 
lected, we  calculate  the  output  of  epinephrin  per  minute  and  we  find 
that  the  output  has  not  been  changed  by  the  asphyxia.  The  "clear 
and  logical  conclusion"  is  not  that  the  phenomenon  of  the  acceleration 
of  adrenahn  secretion  supposed  to  be  evidenced  by  the  pupillary 
reaction  fails  under  the  conditions  of  our  experiments,  but  that  no 
sensible  acceleration  is  produced  by  such  grades  of  asphyxia  as  we 
have  employed. 

This  ought  to  be  sufficient  to  diepoee  of  the  Buggestion  that  the  operative 
procedure  adopted  to  obtain  the  adren&l  blood  vitiates  our  results.  But  a  few 
words  on  the  development  of  the  teotmique  may  prevent  misunderstanding. 
Permanent  ligation  of  the  abdominal  aorta  just  above  the  bifurcation,  of  the 
renal  arteries  and  veins  and  of  the  inferior  cava  was  not  practised  until  it  was 
shown  that  it  did  not  cause  any  demonstrable  effect  on  the  epinephrin  output. 
In  one  of  our  earlier  papers  (7)  it  is  stated  under  "technique"  that  "where  the 
eye  reactions  are  used  alone  the  cava  pocket  need  not  be  permanent.  For  certain 
purposes  the  temporary  closing  off  of  the  pocket  for  a  minute  or  two  at  a  time  is 
all  that  is  necessary,  and  in  the  interval  the  circulation  proceeds  practically  in 
the  normal  way.  A  clamp  is  applied  just  above  the  iliac  veins.  The  renal 
veins  are  then  clamped  and  the  segment  of  cava  emptied  of  blood  by  gently 
stripping  it  upwards.  Finally  a  clamp  is  put  on  the  oava  above  the  adrenal 
veins.  Only  a  few  seconds  are  occupied  in  the  adjustment  of  these  clamps. 
Small  vein's  entering  the  cava  segment  have  been  previously  tied."  It  waa  then 
tested  whether  permanent  ligation  of  these  vessels  made  any  difference  b  the 
results.  No  difference  having  been  found  we  thereafter  tied  these  vessels  as  a 
matter  of  routine,  and  in  our  papers  where  it  is  simply  stated  that  "the  cava 
pocket  was  formed"  it  is  implied  that  the  vessels  tied  were  only  the  abdominal 
aorta,  cava,  renal  arteries  and  veins  and  the  small  veins.  For  blood  pressure 
assays  it  was  sometimes  found  advantageous  to  tie  the  superior  mesenteric 
artery  and  the  coeliac  axis  to  eliminate  irregularities  in  the  curve.  Before  this 
was  done  numerous  observations  were  made  which  failed  to  reveal  that 
the  epinephrin  output  was  at  all  affected  by  this  procedure.  We  have  con- 
tinued to  tie  these  vessels  or  sometimes  only  the  superior  mesenteric,  in  some 
of  our  experiments,  because  a  h^er  blood  pressure  and  better  blood  flow 
through  the  adrenals  and  their  nervous  mechanismarethusinsured.  Their  liga- 
tion is  not  in  any  way  inherent  in  our  method  and  in  all  our  investigations  there 
are  plenty  of  experiments  in  which  they  were  not  tied',  for  example,  the  last 
experiment  on  asphyxia  published  by  us  (9).  In  our  large  series  of  experiments 
on  strychnine,  nicotine  and  other  drugs  the  superior  mesenteric  artery  and 
coeliac  axis  were  not  ligated  We  have  also  measured  the  epinephrin  output  in 
blood  collected  from  one  adrenal  of  a  dog  through  a  lumbar  incision  without 
opening  the  peritoneum  and  found  no  essential  difference  in  the  results  from 
those  of  our  other  experiments. 
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1.  Our  previous  conclusion  that  the  adrenal  epinephrin  output  is 
not  essentially  concerned  in  the  hyperglycemia  induced  by  ether  nar- 
cosis and  asphyxia  is  con&rmed.  In  rabbits  which  have  survived  the 
removal  of  both  adrenals  and  have  recovered  from  the  operation  and 
whose  Uvers  are  well  filled  with  glycogen,  hyperglycemia  is  caused  by 
these  procedures  just  as  in  normal  rabbits.  We  reaS&rm  our  position 
that  for  these  forms  of  experimental  hypei^lycemia  and  for  the  hyper- 
glycemia caused  by  piqCIre  the  so-called  adrenalin  hypothesis  should  be 
abandoned. 

2.  We  do  not  find  that  any  real  evidence  has  been  adduced  by  Kella- 
way  that  the  epinephrin  from  the  adrenals  has  a  demonstrable  share 
in  the  production  of  asphyxial  hyperglycemia.  His  experiments  really 
confirm  our  conclusion  that  interference  with  the  epinephrin  output 
does  not  modify  essentially  the  hyperglycemia  caused  by  asphyxia. 

3.  Kellaway  has  produced  no  evidence  that  asphyxia  (or  anoxemia) 
causes  a  demonstrable  increase  in  the  rate  of  epinephrin  output  from 
the  adrenals.  Despite  his  statement  that  "the  results  of  the  different 
experiments  fully  justify  the  conclusion  that  the  paradoxical  pupil 
reaction  is  a  good  index  of  the  epinephrin  output,"  we  do  not  believe 
that  by  looking  at  the  eye  of  an  intact  cat  he  can  tell  the  amount  of  epi- 
nephrin comJi:^  off  from  the  adrenals  per  unit  of  time  before,  during  or 
after  asphyxia,  whereas  we  can  obtain  these  amounts  by  collecting 
adrenal  vein  blood  and  assaying  its  content  of  epinephrin.  The  real 
reason  for  the  difference  in  our  conclusions  as  to  the  influence  of  as- 
phyxia upon  the  rate  of  epinephrin  output  is  that  we  have  attacked  a 
quantitative  problem  by  direct  quantitative  methods  instead  of  trusting 
to  ambiguous  reactions  which  are  not  even  specific  qualitative  reactions 
for  epinephrin.  Our  data,  therefore,  have  a  very  different  value  for 
the  determination  of  changes  in  the  rate  of  epinephrin  output. 

4.  Kellaway  is  completely  mistaken  in  imputing  our  results  on 
the  epinephrin  output  in  asphyxia  to  the  condition  of  the  animals 
in  consequence  of  the  operation  practised  by  us  to  collect  the  adrenal 
vein  blood.  The  paradoxical  pupillary  reaction  is  excellently  obtained 
at  the  time  when  we  are  inducing  asphyxia  after  having  prepared  the 
cava  pocket  for  collection  of  the  adrenal  blood  and  thereafter  jn  the 
course  of  the  experiment.  According  to  Kellaway  this  proves  that  the 
epinephrin  output  is  augmented  at  the  very  time  when  we  are  collecting 
the  blood.    We  ought  therefore  to  be  able  to  detect  the  augmentation 
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by  OUT  method.  Since  we  do  not  detect  an  increased  output  by  assaying 
the  very  blood  in  which  the  epinephrin  is  carried  we  are  compelled  to 
conchide  that  Kellaway's  interpretation  of  the  pupillary  reaction  as 
demonstrating  an  increased  output  of  epinephnn  in  asphyxia  is 
ertoneous. 
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INTBODUCnON 

The  shortage  of  food  is  general  and  of  certun  foodstuffs  ia  partic- 
ular, which  occurred  as  one  of  the  results  of  the  recent  war,  has  beeo 
the  cause  of  a  number  of  forms  of  mahiutrition  among  which  is  that 
called  "war  edema"  or  "war  dropsy."  This  is  a  fonn  of  malnutrition 
that  has  been  recognized  only  recently,  and  the  characteristics  of  the 
type  of  diet  that  has  been  the  cause  of  its  development  have  been  a 
subject  of  considerable  speculation  and  some  research. 

Budzynski  and  Chechowski  (1)  report  a  condition  of  dropsy  among 
the  inhabitants  of  Poland  in  1915.  The  principal  articles  of  food  were 
potatoes  (which  were  often  of  bad  quality),  soup  and  bread,  with  httle 
fat  and  practically  no  milk  or  meat.  Ijanda  (2)  reports  a  great  number 
of  cases  of  edema  during  recent  war  conditions  in  Mexico,  1915.  The 
diet  was  made  up  largely  of  spinach  and  beets.  Jui^^ens  (3)  in  com- 
paring conditions  in  various  concentration  camps  of  prisoners  of  war 
has  studied, the  relation  of  an  "edema  disease"  to  the  ordinary  infec- 
tious diseases  of  prison  camps  and  finds  that  the  edema  is  not  a  part  of 
the  infectious  sj^drome  as  had  been  considered  by  some.  He  states 
that  it  results  from  a  dietary  deficiency  and  that  where  this  was  rew^- 
nized  and  a  more  varied  diet  was  given,  the  men  soon  recovered  from 
the  edema  or  its  appearance  was  averted.  He  further  states  that  often 
the  full  syndrome  did  not  appear  until  the  men  were  set  to  di^png. 
Then  10  to  20  per  cent  of  the  men  developed  the  edema  disease.  Wells 
(4),  during  his  investigations  in  Roumania,  1917,  observed  a  number  of 
cases  of  dropsy  among  the  people  who  were  most  seriously  deprived  of 
food.    He  describes  this  condition  to  the  lack  of  fats,  particularly  the 
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lack  of  those  fate  coDtuning  the  "fat-soluble  A."  He  states:  "We 
found,  as  far  as  we  bad  time  to  observe  it,  that  when  the  patients  were 
given  butter  fat  they  were  likely  to  get  better.  But,  of  course,  when 
under  treatment  they  always  got  milk,  soup  and  other  things."  Park 
(5),  who  spent  some  time  in  war  prisons,  made  a  study  of  the  prisoners 
who  received  war  rations.  He  ascribes  the  condition  to  underfeeding, 
especially  of  fats  and  proteins,  and  to  the  lar^  amounts  of  fluid  ingested 
together  with  the  increased  amount  of  NaCl.  Jaksche  (6)  describes 
an  edematous  condition  due  to  the  hunger  conditions  in  Aiistria.  He 
states  that  the  edema  develops  when  the  calorie  intake  falls  below 
1400  calories  per  day.  Knack  and  Neumann  (7),  Maase  and  Zondek 
(g)  and  Maase  and  Zondek  (9)  describe  an  edema  mostly  in  men  over 
forty.  This  edema  they  say  is  intermittent  according  to  the  diet. 
They  state  that  this  nutritive  disorder  is  due  to  the  combination  of 
overfeeding  of  carbohydrates  together  with  underfeeding  of  fat  and  an 
abnormally  large  intake  of  water  from  carbohydrates  and  soups.  They 
further  state  that  100  grams  of  fat  per  day  and  a  stay  in  bed  is  followed 
by  improvement.  Kraus  (10)  describes  this  condition  of  malnutrition 
occurring  especially  in  the  large  cities  and  institutions  of  Germany.  He 
states  that  the  decrease  in  the  quantity  of  food  is  undoubtedly  the 
principal  and  perhaps  the  only  cause  of  the  increase  in  the  death  rate. 
The  diet  is  described  as  a  monotonous,  coarse  diet,  not  rich  or  tasty, 
with  a  lack  of  condiments  and  vitamines  which  led  to  a  loss  of  appetite 
and  this  in  turn  to  inanition.  The  intake  of  food  was  from  800  to  1300 
calories  per  day  where  15  per  cent  was  indigestible  carbohydrate,  with 
very  httle  fat  and  at  the  h^hest  50  grams  of  protein.  This  diet  was 
used  by  men  who  were  doing  hard  work.  Guillermin  and  Guyot  (11) 
report  the  same  conditions  in  Poland  and  other  war  zones.  McGarrison 
(12),  describing  the  patht^enesis  of  deficiency  disease,  reports  that 
inanition  leads  to  a  state  of  adrenal  hypertrophy.  He  suggests  that 
such  a  change  may  be  held  to  account  in  great  measure,  through  blood 
pressure  changes,  for  the  occiurence  of  "war  edema."  In  an  editorial 
(13)  of  the  Journal  of  the  American  Medical  Association  on  "what 
renders  a  diet  inadequate,"  the  question  of  the  importance  of  the  con- 
sideration of  salts  in  the  production  and  study  of  edema  is  discussed. 
Rubner  (14),  describing  the  food  conditions  and  their  effecton  the  race, 
describes  war  "edema"  and  refers  to  the  lack  of  adequate  protein  in 
the  diet  more  than  any  previous  author.  Beyerman  (15)  describes 
edema  in  the  Netherlands  where  the  symptoms  disappeared  promptly 
upon  addition  of  fresh  vegetables  to  the  diet.    Jansen  (16)  describes 
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the  edema  and  suggests  that  the  ca.u8e  is  probably  an  increase  in  the 
permeability  of  the  capillary  endothelium  which  alters  the  exchange 
of  fluids  and  salts  between  the  tissues  and  the  blood.  Vandervelde 
and  Contineau  (17)  describe  an  edema  of  the  lower  limbs  of  patients 
who  were  deported  from  Germany.  He  states  that  there  was  a  lack  of 
food,  deplorahle  hygienic  conditions,  and  that  there  were  disturbances 
in  the  cardio-vascular  appu'atus,  accompanied  by  anemia  and  that 
dyspnea  was  brought  on  with  httle  exertion.  Therapeutic  measures 
were  dietary  improvements  and  rest  which  were  followed  by  the  disap- 
pearance of  all  symptoms.  Romano  Tonin  (18)  reports  a  hunger 
edema  in  which  polyuria  is  a  constant  accompanknent.  Reach  (19) 
observed  that  many  subjects  with  edema  had  atrophic  testes  or  cryptor- 
chism.  He  states  that  in  twenty-six  cases  of  war  edema  where  dietary 
changes  were  of  no  benefit,  testicular  apotherapy  was  tried  and  in  four- 
teen cases  the  patients  were  cured.  Denton  and  Kohman  (20),  while 
working  on  the  dietary  qualities  of  carrots,  found  that  dropsy  occuned 
in  a  large  percentage  of  rats  fed  on  a  carrot  diet,  when  the  proportion 
<rf  nitrogen  had  been  reduced  by  the  addition  of  some  non-nitrogenous 
foodstuffs,  such  as  fat  and  starch.  In  a  preliminary  note  (21)  of  the 
present  piece  of  work  the  writer  describes  the  cure  of  rats  which  had 
developed  edema  on  the  low-protein-carrot-diet,  by  the  substitution  of 
18  per  cent  pure  casein  for  18  per  cent  com  starch  in  the  diet,  all  other 
factors  remaining  the  same. 


Preparation  <^  materiala 

Dried  carrota.  The  carrots  that  were  used  in  the  dry  diets  were 
washed,  trimmed  and  ground  in  an  ordinary  meat  grinder,  spread  on 
glass  traya  which  were  supported  in  a  drying  oven  through  which  air 
was  passed  which  was  heated  to  37^  to  40°C.  The  carrots  were  then 
stored  until  they  were  used  in  the  diet,  but  were  not  l^t  to  stfmd  more 
than  one  or  two  months. 

Wet  carrots.  Carrots  used  in  the  wet  diets  were  prepared  ae  for 
drying  but  were  used  fresh  in  the  diets. 

Butter  fat.  Good  quality  of  fresh  butter  was  heated  from  90°  to  95°C. 
in  order  to  separate  the  proteins  and  water  from  the  butter  fat  which 
was  decanted  off. 

Lard.    Leaf  lard  was  obtained  from  the  market  and  rendered. 
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Casein.  Skim  loilk  was  purchased  in  six-gallon  lots.  This  was 
diluted  with  an  equal  volume  of  distilled  water.  The  casein  was  precip- 
itated with  hydrochloric  acid  (250  cc.  to  10  liters  of  HiO)  and  filtered 
through  cheesecloth.  It  was  then  ground  with  mortw  and  pestle  and 
divided  into  six  lots  and  each  lot  covered  with  5  to  6  liters  of  distilled 
water  slightly  acidulated  with  acetic  acid,  and  was  left  to  extract  for 
about  24  hours.  The  water  was  then  filtered  off  through  cheesecloth 
and  the  casein  was  ground  in  a  mortar  with  pestle,  diluted  to  4  liters 
with  distilled  water  and  dissolved  with  sodium  hydroxide  (250  cc  of  50 
per  cent  NaOH  to  10  liters  HjO).  When  dissolved  the  solution  was 
diluted  to  6  liters  or  more  and  the  casein  was  again  precipitated,  this 
time  with  glacial  acetic  acid.  The  water  was  filtered  off  through  cheese- 
cloth. The  casein  was  again  dlssblved,  as  above  described,  and  filtered 
through  filter  paper  with  the  aid  of  a  suction  filter.  The  solution  was 
again  diluted  and  the  casein  precipitated  with  hydrochloric  acid.  The 
casein  was  then  filtered  out  and  washed  with  distilled  water  to  remove 
the  acid.  The  water  was  removed  with  the  suction  filter.  The  casein 
was  then  ground  in  95  per  cent  alcohol,  covered  with  3  liters  of  alcohol 
and  left  to  extract  48  hours.  This  extraction  was  repeated  three  times 
with  95  per  cent  alcohol  and  twice  with  ether,  filtering  the  alcohol  and 
ether  off  each  time  with  the  aid  of  the  suction  filter  and  mixing  weU 
the  casein  each  time  with  the  fresh  extraction  solution.  The  casein 
was  then  dried  in  air  and  stored. 

This  careful  method  for  the  preparation  of  casein  with  repeated 
extractions  with  alcohol  and  ether  was  used  in  order  to  be  sure  that 
the  casein  contained  neither  of  the  vitamines,  "fat-soluble  A"  or 
"water-soluble  B."  In  some  previous  work  commercial  casein  was 
used  f^ter  extended  washings  with  dilute  acetic  acid  and  extractions 
with  alcohol  and  ether.  Animals  fed  on  a  diet  in  which  this  casein  was 
used  showed  a  retarded  growth  but  none  of  the  other  symptoms  com- 
monly attributed  to  the  absence  of  the  f  atr^oluble  vitamines. 

Starch.  Kingsford's  cornstarch  was  used  throughout  the  experi- 
ments.    • 

"  Watersoiuble  B"  was  extracted  from  wheat  germ  by  two  extractions, 
using  25  grams  of  wheat  germ  and  250  cc.  of  95  per  cent  alcohol  for 
each  extraction.  The  alcohol  containing  the  "water-soluble  B"  was 
mixed  and  dried  with  the  other  ingredients  of  the  diets  that  were  fed 
dry,  and  was  dried  on  the  proper  amount  of  cornstarch  which  was 
used  in  the  diets  that  were  fed  wet. 
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Salt  II  Salt  III 

Sodium  chloride O.SO  Sodium  chloride ^.1730 

Calactate 1.57  Sodium  sulphate 0.318 

CeH,(PO,)» 0.60  SodiumHJSJ, 0.347 

Potassium  HiFO* 0.9H 

Salt  VI  CaH,(PO,), 0.6« 

Sodium  chloride 0.50  Ca  lactate 1.300 

C3alactate 1.5607  Fe  lactate 0.118 

CaH*(PO«)i 0.6232 

Salt  III  is  eeseDtially  the  siUt  which  waa  shown  by  McCoUum  (22) 
to  supply  all  the  necessary  mineral  for  normal  growth  in  rats  when  the 
diet  was  made  up  of  purified  food  substances.  Instead  of  MgSOt,  as 
used  by  him,  NajSO^  was  used  to  supply  the  same  amount  of  aulphur. 
The  change  was  made  to  reduce  the  amount  of  magnesium  as  carrots 
have  a  high  magnesium  content.  Salt  II  is  used  to  supply  the  minerals 
that  are  deficient  in  carrots.  The  two  salt  miTctures  were  used  in  such 
proportions  as  to  make  the  salt  content  of  the  diet  as  nearly  as  possible 
the  same  as  that  of  milk. 

Making  up  diets  and  feeding  rata 

Wet  diets.  The  cornstarch  with  the  extract  of  wheat  germ,  butter 
fat  and  salt  was  we^hed,  distilled  water  was  added  and  the  mixture 
boiled  to  a  clear  stiff  paste,  while  stirring  constantly.  The  starch  was 
boiled  only  a  minute  or  two  in  order  to  break  up  the  starch  cells  and 
make  them  more  easily  digested.  To  this  paste  was  added  the  propw 
weight  of  fresh  carrots,  ground  in  an  ordinary  meat  grinder.  This 
mixture  was  made  up  every  two  days  and  kept  in  the  ioe  box  between 
feedings.  Fifty  grams  of  this  wet  food  mixture  were  weighed  out, 
recorded  and  given  to  each  rat  each  day  and  the  amount  scattered 
and  left  in  the  dish  was  estimated  on  the  next  day  and  recorded.  The 
amoimt  left  was  not  weighed  because  considerable  moisture  would 
evaporate  and  this  made  weighing  quite  as  subject  to  error  as  estima- 
tion. The  difference  of  the  two  weights  was  used  as  the  food  con- 
sumption of  the  rat  for  that  day.  As  some  of  the  animals  scattered 
their  food  a  great  deal,  considerable  more  evaporation  took  place  in 
the  case  of  the  food  of  some  animals  than  of  that  of  others.  Although 
tids  evaporation  was  considered  in  estimating  back  what  the  rat  had 
not  eaten,  there  was,  no  doubt,  some  unavoidable  error  in  the  eetima^ 
tion  of  the  food  consumption  of  the  rats  on  this  diet.    Still  it  waa  a 


lizcdbyGoOi^Ie 


BEIATION   OP   PROTEIN   DBFICIBNCT   TO   EDEUA.  383 

method,  with  some  degree  of  acouiaoy,  to  compare  the  relative  amount 
of  food  consumed  and  a  means  by  which  one  would  detect  any  great 
variation  in  the  food  consumption  of  an  animal,  or  any  great  difference 
among  different  animals.  Knowing  the  calorie  value  of  the  ingredienta 
which  make  up  a  diet,  and  the  weight  of  the  completed  diet,  the  calorie 
value  per  gram  of  diet  was  determined  by  dividing  the  total  calorie 
value  by  the  total  number  of  grams  in  the  mixture.  From  this  figure 
and  the  food  consumption  record  of  each  rat  the  daily  calorie  intake  of 
each  rat  was  determined. 

Dry  diets.  The  cornstarch,  butter  fat  and  salts  were  weighed  out, 
distilled  water  was  added  and  the  mixture  boiled  to  a  stiff  paste.  To 
this  the  alcohohc  extract  of  wheat  germ  was  added  and  thoroughly 
mixed.  The  proper  weight  of  previously  dried  cairote  was  then  added 
and  the  entire  mass  well  mixed,  making  a  very  stiff  paste.  This  was 
then  divided  into  equal  portions  by  means  of  two  tubes,  one  about  4 
inches  long  and  about  1  inch  in  diameter,  and  the  other  just  enough 
smaller  to  fit  into  the  larger  one  closely.  The  hu-ger  tube  was  filled 
with  the  stiff  paste.  This  was  pushed  out  by  means  of  tiie  smaller 
tube  which  bad  one  end  closed  by  means  of  a  close-fitting  cork.  TK» 
column  of  paste  was  then  divided  into  four  equal  parts  with  a  knife. 
These  cakes  of  paste  were  put  on  a  glass  tray  and  dried  in  the  oven 
described  above  and  stored  for  use.  Knowing  the  value  in  calories 
and  the  dry  weight  of  the  bulk  of  food  made  up,  the  value  of  each 
small  cake,  in  calories  and  grams,  was  determined  by  dividing  the 
value  of  the  entire  quantity  by  the  number  of  cakes  into  which  the 
mass  was  divided.  A  record  was  kept  of  the  number  of  cakes  eaten 
by  each  rat,  and  from  this  record  the  food  consumption  of  each  rat  for 
each  week  of  the  duration  of  the  experiment  was  determined. 

Care  of  ihe  animaU 

The  animals  used  for  the  experiments  were  raised  in  this  laboratory 
from  stock  rats  kept  for  that  purpose.  These  rats  were  fed  a  variety 
of  foods — milk,  mixed  grun,  fresh  carrots,  bread  and  occasionally 
meat.  The  animals  were  weighed  and  their  cages  changed  and  sterilized 
once  each  week. 

The  fmimnta  Used  for  experimentation  were  taken  at  from  about  60 
to  60  grams  and  only  when  they  had  shown  normal  growth  previous  to 
being  put  on  the  experimental  diet.  Each  experimental  animal  was 
kept  in  a  separate  cage  and  a  record  was  kept  of  his  food  consumption. 
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The  cf^es  used  were  mcule  entirely  of  metal.  The  trays  were  covered 
with  paper.  The  cages  were  changed  and  sterilized  by  live  steam  onoe 
a  week  for  the  rat«  eating  dry  diets,  and  twice  a  week  or  more,  as  thought 
necessary,  for  those  rats  kept  on  a  wet  diet.  The  animals  on  the  dry 
diet  were  supplied  with  distilled  water.  Those  on  the  wet  experimental 
diet  were  g^ven  no  water  as  the  water  content  of  the  food  was  quite 
high. 


General  description  of  animals  an  a  Imo  protein  diet.  When  norm^ 
growing  rats  are  put  on  the  low-protein  carrot  diet,  they  stop  growing 
at  once  and  very  soon  show  a  gradual  loss  in  body  weight,  more  rapid 
for  some  animals  than  for  others.  They  may  lose  as  much  as  30  to  33 
per  cent  of  their  original  we^ht  in  nine  or  ten  weeks  and  46  per  cent  in 
sixteen  weeks.  AIoi^  with  this  loss  in  weight  there  is  a  decrease  in 
activity,  not  marked  at  first  but  in  later  periods  of  the  experiment 
very  decided.  The  animal  sits  quietly  in  the  cage  most  of  the  time 
with  its  back  humped  up,  its  eyes  only  partly  open,  and  head  bent 
down  between  its  fore  l^s.  It  is  usually  asleep  except  while  eating. 
When  movmg  about  it  seems  dull,  moves  slowly,  the  more  so  as  the 
experiment  prepresses. 

The  coat  soon  becomes  rough.  The  hair  becomes  fuzzy  and  dirty 
looking  as  compared  to  that  of  the  normal  rat.  If  the  animal  lives 
for  a  long  time  on  this  diet  the  hair  comes  out  in  patches  until  sometimes 
almost  the  entire  body  is  bare.  The  skin  becomes  dry  and  scaly  and 
the  animal  is  very  subject  to  lesions  on  the  tail,  ears  and  nose.  The 
lesions  are  scaly  red  patches  on  the  exterior  surface  of  these  parts,  are 
never  wet  and  do  not  contain  pus  but  are  slightly  elevated. 

There  is  a  great  decrease  in  general  resistance.  While  the  stock 
rats  and  rats  on  an  adequate  diet  have  never  been  troubled  with  lioe, 
it  is  very  difficult  to  keep  an  animal  on  this  diet  free  from  Uce.  Any 
exposure  to  cold  also  usually  leads  to  death  while  the  normal  animfil 
does  not  suGFer  from  the  same  exposure.  The  animal  shows  a  great 
muscular  weakness  with  subsequent  wasting.  Anemia  is  indicated  by 
the  pallor  of  the  ears  as  contrasted  with  the  pink  ears  of  a  normal 
animal.  One  factor  of  this  anemia  seems  to  be  a  decrease  in  blood 
volume,  for  it  is  more  difficult  to  draw  blood  from  such  an  animal  than 
from  the  normal  animal. 

The  duration  of  life  of  rats  on  the  low-protein-carrot-diet  varies 
among  different  rats  from  a  very  short  time  (2  weeks)  to  3  months  and 
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in  some  cases  more.  Toward  the  end  of  this  time  there  is  usually 
extreme  weakness  aad  loss  of  appetite.  At  this  stage  quite  a  number 
of  the  animals  die  without  showing  any  edema.  In  a  lai^er  percentage 
of  cases,  however,  an  ^ema  develops,  this  percentage  in  the  rats  on 
the  wet  diet  being  higher  (86  per  cent)  than  in  the  rats  on  the  dry  diet 
(55  per  cent).  (See  table  3).  This  edema  is  usually  detected  first 
fUxiut  the  face,  especially  about  the  eyes  and  checks.  This  may  be 
noticed  in  some  cases  several  weeks  before  any  extreme  edema  occurs. 
A  more  extreme  type  is  an  edema  about  the  chest  and  fore  legs.  This 
can  first  be  detected  by  a  thickening  of  the  skin.  The  animal  may  die 
in  this  st^e,  or  the  edema  may  disappear  and  return  intermittently 
until  death,  or  a  very  extreme  edema  may  develop  where  as  much  as 
10  cc,  or  occasionally  more,  of  fluid,  either  gelatinous  or  hquid,  may 
collect  under  the  skin  of  the  chest  in  the  form  of  a  large  "blister." 
Even  this  extreme  type  of  edema  may  often  disappear  and  return 
intermittently  on  this  diet,  but  a  gain  in  body  weight  has  never  been 
noticed  in  this  partial  recovery;  on  the  contrary,  there  is  a  decided 
weakening  from  one  time  to  the  next  which  finally  leads  to  death  unless 
the  diet  is  corrected  soon  enough.  In  some  animals  the  edema  is  in 
the  form  of  a  general  anasarca,  a  Huid  being  collected  in  the  serous 
cavities,  both  pleural  and  peritoneal.  Except  in  extreme  cases  this 
could  not  be  detected  with  certainty  until  after  the  death  of  the  animal 
when  the  cavities  were  opened  and  the  fluid  pipetted  out  and  measured. 
The  amount  of  fluid  varies  from  0.5  to  2  or  3  or  occasionally  more 
cubic  centimeters.  Sometimes  there  is  an  abnonn^  amount  of  fluid 
in  both  cavities  and  sometimes  in  either  one  or  the  other. 

Post-mortem  examinations  were  made  of  all  the  animals  that  died  as 
a  result  of  being  fed  the  low-protein-carrolxiiet.  In  all  cases  there 
was  a  depletion  of  fat  in  the  body.  A  very  common  finding  was 
pneumonic  lungs.  There  was  a  marked  decrease  in  size  of  the  testicles 
in  the  male,  which  was  easily  detected  in  the  living  animal.  There 
was  usually  a  congestion  of  the  lymph  glands  especially  those  in  the 
neck. 

EXPLANATION   AND   DISCUSSION   OF  TABLES   AND   BESULTS 

The  edema  is  not  du€  to  a  deficiency  of  fats  or  fairsolvile  vitamine.  Wet 
diets.  The  lack  of  fat  and  "  f a^soluble-vitamine  A"  has  been  empha- 
sized as  much  or  more  than  any  other  factor  as  the  cause  of  edema  in 
the  regions  which  were  most  seriously  deprived  of  food  as  a  result  of 
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tiie  recent  war.  This  id^,  no  doabt,  developed  (nan  the  fact  that 
there  was  a  great  shortage  of  fats  and  dairy  products  in  these  regions, 
and  because  it  has  been  previously  shown  that  xerophthalmia,  a  dryness 
of  the  conjunctiva,  which  eventually  leads  to  blindness,  and  an  edeana 
of  the  eyelids,  occurs  in  rats  as  a  result  of  being  fed  a  diet  entir^y  free 
fnnu  or  low  in  its  content  of  the  fat-soluble  vitamine  as  reported  by 
Mendel  (23),  McCollum  (24),  Steesbock  (25),  Funk  (26)  and  others. 
Edema  as  it  has  been  produced  in  rats  in  this  laboratory,  however,  is 
much  more  extensive  and  entirely  distinct  from  that  which  occurs  as 
reported  in  xerophthalmia  for  it  may  occur  subcutaneously,  covering 
large  areas  or  almost  the  entire  surface  of  the  body  of  the  rat,  and  may 
take  the  form  of  a  general  anasarca,  with  lai^  amounts  of  fluid  (5  to 
6  per  cent  of  the  body  weight)  collected  in  the  serous  cavities.    • 

My  experimental  results  appar^itly  prove  that  this  edema  as  pro- 
duced in  rate  in  this  laboratory  is  not  a  result  (A  the  lack  of  the  fats 
or  the  fat-eoluble-vitainine.  The  diet  used  in  this  work  to  prodaoe 
edema  in  rate  was  made  up  largely  of  carrots,  with  additions  of  starch, 
fats  and  salts,  carrots  beii%  the  only  source  of  protein.  This  diet  was 
chosen  because  it  was  with  such  a  diet  that  this  edema  was  first  pro- 
duced in  rata  while  studying  the  nutritive  vahie  of  carrots  (20). 

Table  I  shows  the  results  of  feeding  four  groups  of  rats  on  diets  in 
which  the  carrots  and  salt  content  was  the  same  throughout  and  the 
cfUoric  value  was  practically  the  same.  The  quantity  of  fat  and  stareh 
was  varied.  The  amount  of  each  constituent  of  the  diet  is  shown  in 
grams  and  calories.  In  these  diets  freah  carrots  were  used,  of  which 
the  calorie  value  is  about  0.4  calorie  per  gram  of  fresh  carrots.  In  diet 
I  (X  butter),  60  grama  ttf  butter  fat  were  used,  this  supplying  1  gram 
of  butter  fat  for  every  63  calories  of  the  diet.  McCollimi  and  Davis 
(22)  have  shown  that  5  per  cent  butter  fat  in  a  diet  of  purified  food- 
stuffs was  sufficient  for  normal  growth  in  yoimg  rats.  This  amount  of 
butter  fat  used  by  than  supphed  1  gram  of  butter  fat  for  every  88  calories 
in  the  diet.  The  amount  of  fat  supplied  in  X  butter  diet  should  be 
sufficient  for  rats. 

In  diet  II  (X  lard)  the  fat  was  supplied  in  the  form  of  lard,  the  same 
amount  being  used  as  was  supplied  as  butter  in  the  first  diet.  Jn  diet 
III  (no  fat)  no  fat  was  supplied  but  the  quantity  of  starch  was  increased. 
In  di^t  IV  (E  -H  A  —  B)  the  butter  was  increased  to  twice  the  amount 
that  was  used  in  diet  I  (X  butter).  The  calorie  value  was  kept  practi- 
cally the  same  as  in  diets  I  and  II  by  increadng  the  amount  of  starch 
wh»«  the  fat  was  decreased.    This  increase  of  butter  was  made  to 
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aSNIBAL  BXPLAMATION  OV  TABLI8 

The  symbol  "K"  wherever  it  oooan  in  the  tables  denotes  650  grama  (dry 
weight)  of  oftTTotB,  228  grame  of  etaroh  and  120  gnms  of  fat. 

"z"  butter  or  "z"  lard  denote  diets  in  which  there  are  00  grama  of  butter  or 
Iwd  respeotiTely. 

"A"  repretente  fat-aoluble-A  in  120  gmna  of  butter  aod  "B"  denotes  the 
alooholio  extract  of  60  grams  of  wheat  genn.  The  presence  or  absence  of  these 
vitamines  in  the  lespeotive  diets  ia  indicated  by  the  presence  of  a  +  or  —  aign 
before  the  letter.  For  ezample,  K  +  A  —  B  meana  that  the  standard  diet  K 
(660  grams  of  dried  carrota,  228  grama  of  starch,  120  grama  of  fat)  contained 
fat-Boluble-A  but  was  deficient  in  water-eoluble-B. 

TABLE  1 
TabU  of  wet  diett  with  rMuZfa  of  fetding 


I 

« 

m 

IV 

Onmi 

eg. 

Onmi 

CUoi- 

Onmi 

Cilor- 

Orami 

c^ 

4600 
360 

1800 
1440 

4600 

aeo 

1800 
1440 

4B0O 
466 

1800 
1824 

4600 
228 

■mo 

1.UU. 

aemi 

0 

19.2 
16.4 

0 
0 
0 

120 
19.2 
16.4 

Salt  II 

19.2 
16.4 

0 
0 

19.2 

Id.  4 

0 
0 

3780 

3780 

Number  of  rats  on  diet. . . . 

7 

6 

S      . 

« 

Number  of  rats  developing 

3  • 

3 

2 

only  Blight 

Per  cent  of  rats  deTeloping 

421 

' 

Table  1  shows  the  results  of  a  study  of  the  effect  of  certain  fata  and  the  fat- 
soluble  vitamins  on  the  production  of  edema  in  rats.  Edema  occurs  in  rats  on 
all  four  of  the  diets  so  butter  fat  or  the  fat-soluble  vitamine  in  butter  does  not 
prevent  the  edema,  neitiier  does  it  decrease  the  percentage  of  edema.  Even 
when  diet  IV  was  fed  with  the  butter  fat  content  of  120  grams,  all  of  these  rats 
developed  edema  The  table  also  shows  that  fat  is  not  the  cause  of  the  edema^ 
for  it  occurred  with  and  without  fat  in  the  diet. 
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insure  sufficient  intake  of  butter  fat  and  fat-soluble-'vitamine  by  the 
rats  as  their  food  coQSumption  seemed  to  be  somewhat  less  than  that  of 
the  normal  rat  and  it  was  thought  that  possibly  not  enough  of  the  fat 
was  obtained  in  the  smaller  food  consumption. 

The  lower  part  of  table  1  shows  the  nimiber  of  rats  fed  each  diet, 
together  with  the  niimber  and  percentage  of  them  that  developed 
edema.  It  is  of  interest  to  note  that  where  the  greatest  amount  of 
butter  fat  was  used  the  greatest  percentage  of  rats  developed  edema 
and  that,  although  there  is  little  difference,  the  lowest  percentage  of 
cases  of  edema  developed  on  the  diet  in  which  there  was  no  fat  supplied. 
This  shows  that  fat  and  fat-soluble-vitamine  do  not  prevent  edema 
from  developing  in  rats  if  the  protein  content  of  the  diet  is  very  low. 

The  edema  is  not  due  to  a  deficiency  <4  waier-solubU  vitamine  or  aaltt. 
Dry  diets.  Table  2  shows  the  results  of  a  series  of  experiments  in  which 
dried  carrots  were  used  in  making  up  the  diets.  The  water  used  in 
making  up  the  diet  was  also  evaporated  so  the  diet  was  administered 
in  a  dry  form.  The  carrots  dried  to  practically  11.8  per  cent  of  the 
wet  weight,  making  the  calorie  value  of  the  dried  carrots  3.33  per  gram 
of  dried  carrots.  The  same  constituents  were  used  as  those  used  in 
the  diets  given  in  table  1  with  the  addition  of  an  alcoholic  extract  of 
wheat  germ  in  some  of  the  diets.  Although  carrots  have  a  considerable 
amount  of  the  water-soluble  vitamine  this  addition  of  alcohoHc  extract 
was  made  to  insure  a  sufficient  intake  of  this  vitamine,  for  the  lack  of 
this  vitamine  is  known  to  cause  beri-beri  which  is  often  accompanied 
by  more  or  less  edema  (28). 

Diets  V  (K  +  A  +  B)  and  VI  (K  +  A  -  B)  each  contain  the  large 
amount  of  butter  fat  used  in  diet  IV  of  table  1.  In  addition  diet  V 
(K  +  A  +  B)  contains  the  alcoholic  extract  of  50  grams  of  wheat 
germ  which  supplied  the  extract  of  1  gram  of  wheat  germ  for  every  76 
calories  of  the  diet.  McCollum  (29)  has  shown  that  3  per  cent  of 
wheat  germ  supphea  sufficient  water-sotuble-vitamine  for  almost  uonnal 
growth  in  young  rats.  This  amount  supplies  one  gram  of  wheat  germ 
for  every  133  calories  in  the  diet.  The  amount  of  wheat  germ  used  in 
the  diets  shown  in  table  2,  together  with  the  water-soluble-vitamine  in 
carrots  should  supply  enough  of  the  water-soluble-vitamine  to  eUminate 
the  lack  of  this  vitamine  as  the  cause  of  the  edema  which  develops  in 
these  rats.  This  evidence  is  strengthened  by  comparing  the  percentages 
of  edema  on  diets  IX  and  X  where  60  grams  of  butter  fat  are  supplied 
in  each  but  the  water-soluble-vitamine  is  supplied  only  in  X  from  which 
diet  33)  per  cent  of  the  rats  developed  edema  whereas  only  16j  per  cent 
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developed  edema  on  diet  IX  with  bo  water-soluble-vitamiue  supplied. 
The  percentage  of  rata  developing  edooa  aa  a  resolt  c^  the  diets  with 
lard  or  no  Bouree  of  fat,  dieta  XII,  VIII  and  XI,  ia  again  tow  but  we 
cannot  interpret  this  fact  as  meaning  that  fat  ia  a  cause  of  the  edema, 
for  in  table  1  on  diet  III  (no  fat)  40  per  cent  of  the  rats  developed 
edema.  So  the  presence  of  "water-soluble  6.'  does  not  prevent  edema 
from  developing  in  rats  on  a  low  protein  diet.  McClugage  and  Mendel 
(30)  report  very  poor  utilization  of  salts  where  a  diet  is  high  in  its 
content  of  indigestible  cellulose  from  v^etablea.  In  order  to  insure  a 
greater  assimilation  of  salts  from  the  diet  of  carrots,  which  ia  very  high 
in  its  content  of  indigestible  matter,  a  diet  was  prepared  in  which  the 
quantity  of  salt  was  doubled,  diet  XII  (K  +  A  +  B  +  2x  salt)  the 
same  as  diet  Y  (K  +  A  +  B)  except  for  ita  salt  content.  The  per- 
centage  of  edema  was  not  markedly  ^tered  by  the  hif^er  aalt  content 
in  the  diet.  Aa  the  retention  of  aalts  by  the  tissuea  ia  a  very  well-known 
cause  c^  edema,  it  is  of  interest  to  note  that  the  percentage  of  ed^na 
developii^  on  this  diet  of  double  aalt  content  is  not  increased. 

How  does  the  water  content  of  the  diet  influence  the  edemaf  Another 
factor  in  the  production  of  edema  ia  the  water  intake.  The  total 
percentage  of  edema  developing  from  the  diets  of  table  1  (wet  dieta) 
which  were  about  84  per  cent  water,  ia  52.4  per  cent.  The  total  per- 
centage of  edema  developing  from  the  diets  of  table  2  (dry  diet)  is 
23.7  per  cent.  Aa  the  two  aeries  of  experiments  were  conducted  at 
different  times  the  rats  could  not  be  selected  from  the  same  litters.  In 
order  to  study  this  factor  more  carefully,  another  series  of  experiments 
was  conducted,  the  results  of  which  are  recorded  in  table  3.  In  addi* 
tion  to  this  factor  the  salts  were  again  varied  to  control  this  factor 
more  completely,  and  a  control  diet  was  used  in  which  casein  was 
added  as  a  source  of  protein. 

In  table  3  diets  V  (a)  and  XII  (a)  (dry  diets)  are  the  same  as  diets  V  and 
XII,  table  2,  respectively.  Diets  XIII  and  XIV  (wet  diets)  are  the  same 
as  V  (a)  and  XII  (a)  table  3  respectively  except  far  the  water  content. 
Ei^ty-six  per  cent  of  the  rata  on  the  wet  diets  developed  edema  whereas 
only  55  per  cent  of  the  rats  on  the  dry  diets  developed  edema.  This 
percentage  is  much  higher  than  that  of  the  earlier  work  shown  in  tables 
1  and  2.  This  is  exphuned  by  the  fact  that  the  course  of  the  edema 
was  not  so  well  understood  in  the  early  work.  This  edema  ia  inter- 
mittent and  may  come  on  in  a  short  time  and  disappear  in  a  day.  If 
no  special  notice  was  made  of  that  particular  animal  at  the  time  of  the 
edema  the  case  was  overlooked.    In  the  later  work  the  ftnima-lH  were 


lizcdbyGoOi^Ie 


BEL&TION  OF  PBOTBIN  DBflCIBHCT  TO  BDEIU  391 

watched  more  cloeely,  hence  no  cases  of  edema  were  overlooked  which 
accouuta  for  the  higher  percentage  of  edema  in  the  later  experimenta. 
In  addition  to  thia  difference  there  is  a  decided  difference  in  the  length 
of  time  before  the  edema  develops  on  the  dry  and  wet  diets.  Rata  on 
the  wet  diets  develop  edema  and  die  in  from  9  to  13  weeks,  most  of 


TABLE  1 

TablB  ofdryaaduMt  diett  mth  rtaullt 

offing 

•„ 

w- 

■■T 

Kfti^ 

^m? 

K+A  +  B 

XIV 

Control 

1 

1815 
912 

1 

1 

1 

UiOO 
328 

1800 
912 

4GoJieoo 

228{  912 

1 

560 
84 

1 

Carrots 

660 
228 

550 
22S 

1815 
912 

Butter 

Buttw 

Buttn 

BuUv 

Butler 

Fat 

120 

IB.  2 

16.4 

60 

0 

1O80 
0 
0 
0 
0 

120 

38.4 

32.8 

50 

0 

loeo 

0 
0 
0 
0 

ISO 
19.2 
16-4 

50 
( 

1080 
0 
0 
0 
0 

120 

38.4 

32.8 

60 

0 

1080 
0 
0 
0 
0 

120 

38.4 

32.8 

60 

144 

innn 

Salt  III          . . 

0 

n 

3807 

J807 

S792 

3792 

11 

e 

7 

8 

3 

Number  of  rats  developing  edema 

5 

6 

7 

6 

0 

«ft 

661 

100 

76 

0 

55 

86 

Table  3  ehowB  several  very  mtereetmg  and  oonalueiTe  reaulta.  First,  whan 
the  diet  eontaina  a  hi^  water  ooutent  the  peroentage  of  edema  in  rata  which  aie 
fed  the  low-protein  diet,  is  markedly  inoivaeed,  an  increase  from  66  per  oeiit 
to  86  per  cent.  Second,  a  variation  in  the  quantitjr  of  salts  in  the  diet  had  no 
effect  on  the  occurrence  or  percentage  of  edema.  With  the  single  salt  portion  12 
rats  out  of  18  developed  edema.  With  the  double  salt  portion  12  rats  out  of  17 
developed  edema.  Third,  and  very  important,  the  table  shows  that  when  a 
sufficient  amount  of  an  adequate  protein  replaces  an  amount  of  oomstaroh,  of 
equal  calorie  value,  no  edema  developed  in  rats  as  a  result  of  feeding  this  oarrot 
diet.  Furthermore,  on  examination  of  figure  2,  it  will  be  noted  that  rate  fed 
this  diet,  (the  same  as  the  low-protein-carrot-diet  except  for  the  protein  content), 
grow  and  reproduce  normally. 
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them  being  dead  at  the  end  of  the  11th  week.  Quite  a  lai^e  number 
of  the  rats  on  the  dry  diets  live  18  or  even  30  weeks.  However,  a 
small  number  die  as  early  as  the  9th  week.  So  an  increased  water 
intake  increases  the  number  of  cases  of  edema  developing  in  rats  on  a 
low-protein-diet. 

In  case  of  food  shortages,  therefore,  when  it  is  necessary  to  use  only 
limited  amounts  of  protein  or  to  use  proteins  of  a  poor  quality,  it  is  of 
practical  importance  to  use  these  foods  in  a  relatively  dry  form  rather 
than  in  the  form  of  soups  as  is  usually  done  to  make  the  food  more 
"filling." 

The  salt  content  of  the  diets  in  table  3  did  not  change  the  percentage 
of  cases  of  edema.  Out  of  seventeen  rats  on  the  double  salt  diet, 
twelve  developed  edema.  Out  of  eighteen  rats  on  the  lower  salt  diet, 
twelve  rats  developed  edema. 

The  edema  ia  due  io  protein  defidenq/.  In  the  control  diet  144  grams 
of  casein  replaced  144  grams  of  starch,  the  caloric  value,  vita- 
mine  content,  fat  and  salts  remained  the  same.  It  should  be  noted 
that  there  were  no  cases  of  edema  developing,  on  this  diet.  Further- 
more, the  growth  curves  were  normal  (see  fig.  1)  for  the  rats  on  this 
diet.  The  females  produced  nonaally  but  showed  some  difficulty  in 
rearing  their  young.  However,  rat  304  {see  growth  curve,  fig.  1)  gave 
birth  to  eight  young  weighing  35  grams  at  birth.  After  twelve  days 
they  had  not  shown  normal  growth  and  well-being.  At  this  time  the 
litter  was  reduced  to  four.  At  the  age  of  six  weeks  the  average  weight 
of  the  four  young  was  55  ^ams  and  at  the  age  of  eight  weeks,  when 
they  themselves  ate  of  the  control  diet,  the  average  wei(^t  of  the  four 
rats  was  92  grams.  They  were  active  and  in  general  good  condition. 
This  shows  that  the  low-protein-carrot-diet  used  throughout  the  work 
to  produce  edema  was  adequate  except  for  its  protein  content,  for  when 
sufficient  adequate  protein  was  added,  no  edema  occurred  and  the  rats 
grew  and  reproduced  normally. 

This  control  diet  with  adequate  protein  supphed  by  the  addition  of 
casein  to  the  low-protein-carrot-diet  was  also  used  eis  a  cure  for  rata 
that  had  developed  edema  on  the  low-protein-carrot-diet.  In  a  number 
of  cases  a  cure  of  the  edema  resulted  when  the  edematous  rat  was  put 
on  this  diet  with  adequate  protein  content,  and  the  rat  in  question 
would  become  more  active,  would  show  a  rapid  increase  in  weight  and 
also  soon  increase  his  food  consumption.  As  long  as  the  rat  remained 
on  this  diet  the  edema  did  not  return,  but  as  soon  as  it  was  put  back 
on  the  low-protein-carrot-diet  it  would  lose  weight,  general  symptoms 
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<rf  malnutrition  would  appear  and  after  a  time  the  animal  would  die, 
some  of  the  rats  developing  edema  the  second  time.  The  most  inter- 
esting and  striking  case  is  that  of  rat  165  whose  weight  curve  is  shown 
in  figure  1. 

Rat  165  was  put  on  diet  V  (K  +  A  +  B),  table  2,  and  after  eating 
this  diet  for  Hi  weeks  he  had  a  large  "blister"  on  the  chest  between 
the  forelegs    and  showed  a  marked  subcutaneous  edema  of  the  left 
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Fig.  1.  The  curve  of  rat  324  is  a  typical  weight  curve  of  rets  kept  on  the 
low-pTotein-carrot-dlet.  There  is  a  gradual  loss  in  weight  but  when  edema  seta 
in  a  gain  in  weight  occurs  which  ia  due  to  the  accumulation  of  fluids  in  the  tissues. 
No  attempt  was  made  to  cure  this  rat. 

The  curve  of  rat  165  shows  a  gradual  loss  of  weight  while  it  was  kept  on  the 
low-protein-carrot-diet,  with  an  increase  at  the  end  of  the  I6th  week  due  to  tho 
accumulation  of  Buid.  Recovery  followed  a  change  in  diet,  the  change  con- 
sisting in  giving  adequate  protein,  with  not  much  gain  in  weight,  however.  This 
animal  developed  a  marked  edema  three  times  and  was  cured  each  time  by  a 
change  to  a  diet  containing  adequate  protein,  a  gain  in  weight  and  marked  im- 
provement in  general  condition  resulting.  During  the  last  period  of  protein 
feeding,  which  was  a  relatively  long  period,  the  rat  grew  normally,  its  hair  grew 
out  perfectly  over  its  entire  body  and  it  was  very  active.  The  rat  finally  died 
while  on  the  low-protein -car  rot-diet,  without  developing  edema.  At  autopsy 
the  lungs  were  found  to  be  pneumonic,  which  was  probably  the  cause  of  death. 
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Hide  of  the  neck.  After  3  days  this  edema  bad  disappeared  but  after  a 
few  days  it  returned,  tbe  wei^t  increasing  from  45  grams  to  62  grams 
due  to  the  accumulation  of  fiuid  suboutaneously  and  in  tbe  tissues. 
At  this  time,  8  days  after  edema  appeared  for  tbe  first  time,  tbe  rat 
was  changed  to  tbe  control  diet  (see  table  3).  In  2  days  the  edema 
about  the  chest  and  neck  wafi  entirely  gone  and  only  eligbt  edema  of 
the  eyee  remained,  which  cleared  up  in  2  more  days.  The  weight  of 
the  rat  had  gone  down  to  47  grama.  This  finding  is  explained  by  tbe 
well-known  observation  of  BischoS  and  Voit  (31)  who  noticed  a  decided 
losB  in  weight  of  a  dog  who  had  been  kept  on  a  diet  of  bread  for  41  days, 
losing  weight  during  this  time ;  then  when  meat  was  administered  in  a 
quantity  enough  to  cause  a  protein  deposit,  there  was  a  decided  loss  in 
weight  on  tbe  first  day  due  to  tbe  loss  of  water. 

After,  the  above  rat  bad  been  on  this  adequate  diet  a  few  days, 
increase  in  body  weight  followed  but  without  any  edema.  This  diet 
was  continued  for  2|  weeks  when  tbe  rat  was  put  back  on  tbe  low- 
protein-carrot-diet  but  with  the  double  salt  portion.  At  tbe  end  of  6^ 
weeks  the  animal  showed  some  slight  signs  of  edema.  This  left  but 
returned  much  more  pronoimced  in  a  few  days,  again  with  a  lai^ 
"blister"  on  tbe  chest.  The  rat  was  again  returned  to  tbe  control 
diet  with  adequate  protein  which  was  followed  by  disappeartmce  of  tbe 
edema  ia  14  hours.  Again  the  animal  became  more  active  and  showed 
rapid  growth.  His  general  appearance,  however,  was  not  normal  for 
he  bad  a  great  loss  of  hair  and  was  not  kept  on  the  control  diet  with 
adequate  protein  long  enough  for  new  hair  to  grow.  Tbe  animal  was 
kept  on  this  diet  for  2  weeks  during  which  time  be  gained  22  grams  in 
body  weight.  He  was  again  put  back  on  the  low-protein-carrot-diet 
with  tbe  double  salt  content.  This  was  followed  by  tbe  characteristic 
loss  in  weight  and  activity.  During  this  period  there  was  some  growth 
of  hair  in  the  bare  patches  but  tbe  hair  was  not  like  tbe  hair  on  tbe 
normal  rat,  it  being  very  soft  and  fuzzy.  After  beii^  on  this  diet  for 
5^  weeks  tbe  rat  developed  edema  for  the  third  time,  this  time  about 
the  neck  and  face  but  without  tbe  large  "blister."  The  control  diet 
was  given,  and  normal  growth  was  resumed  as  shown  in  the  weight 
curve  in  figure  1.  In  2  weeks  there  was  rapid  growth  of  hair  which 
was  firm  and  normal.  There  were  some  patches  of  the  fuzzy  dirty 
hair  left  which  resulted  from  the  poorer  diet,  but  this  bur  was  gradually 
replaced  by  nonnal  hair.  Tbe  rat  was  kept  on  t^  diet  for  6  weeks 
and  at  the  end  of  this  time  was  in  splendid  condition,  active,  bad  fine 
coat  of  hair  and  eyes  in  excellent  condition.    The  rat  was  put  back  on 
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the  low-protein-canotHliet  and  lost  weight  again,  this  time  more 
rapidly.  At  the  end  of  about  4  weeks  the  animal  died  without  showing 
any  signs  of  edema.  He  had  been  quite  weak  for  some  time  and 
seemed  to  breathe  with  difficulty.  After  death  the  lymph  glands,  were 
slightly  congested,  the  lungs  were  congested  and  pneumonic.  The 
cause  of  death  was  probably  pneumonia  which  was  contracted  due  to 
his  low  resistance  as  a  result  of  the  diet  deficient  in  protein. 

WEIGHT  C07iyE5  m  HAJlOHiOr COHfTHOL  JfATi. 


Fig.  2.  The  weight  curves  of  the  three  control  rats  are  given  in  this  chart. 
These  rats  were  fed  the  carrot  diet  containing  an  adequate  amount  of  protein. 
(One  ifl  a  male,  the  other  two  are  femalea.)  All  showed  normal  growth  and  repro- 
duction. The  females  gave  birth  to  normal  young  (at  y),  but  had  some  difficulty 
in  rearing  them.  However,  rat  304  succeeded  in  rearing  a  litter  of  young  to  the 
weaning  stage  and  then  the  young  ate  the  control  diet  and  also  grew  normally 
with  the  control  diet  as  their  only  source  of  food.  These  charts  show  that  rats 
kept  on  a  carrot  diet  with  a4iequate  protein  do'not  develop  edema. 

Cure  did  not  result  in  all  cases  of  edema  where  the  control  diet  was 
given  to  the  rat.  In  a  number  of  cases  the  rata  were  bo  feeble  they 
refused  to  eat  the  food.  The  rats  were  usually  left  on  the  low-protem- 
carrot-diet  imtil  the  edema  had  developed  to  an  extreme  degree  and 
[Hvbably  to  such  a  degree  that  death  would  come  before  a  sufficient 
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quantity  of  protein  was  assimilated.  However,  the  writer  feela  con- 
fident that  recovery  would  result  in  all  cases  if  the  diet  were  corrected 
Boon  enough,  for  in  the  control  rats  not  only  was  edema  averted,  but 
none  of  the  sjrmptoms  appeared  that  precede  the  edema  where  it 
develops. 

In  addition  to  the  feeding  done  with  the  low-protein-carrot-diet,  a 
lot  of  3  rats  was  fed  on  a  diet  made  up  of  87  grams  cornstarch,  5  grams 
butter  fat,  4  grams  of  a  complete  salt  mixttu'e,  2  grams  agar,  2  grams 
of  casein  and  the  alcoholic  extract  of  6  grams  of  wheat  germ.  This 
diet  is  adequate  except  for  its  protein  content  which  makes  up  only 
2  per  cent  of  the  diet.  The  general  condition  of  the  rats  of  this  lot 
throughout  the  course  of  this  experiment  was  about  the  same  as  that 
of  the  rats  on  the  low-protein-cairot-diet,  losing  weight  at  about  the 
same  rate  and  having  the  same  condition  of  hair  and  skin.  One  out 
of  three  of  these  rata  developed  edema  just  as  those  rats  on  the  low- 
protein-carrot-diet  did.  The  other  two  did  not  develop  edema  but 
showed  the  same  signs  of  malnutrition. 

The  edema  is  Tiot  due  to  the  low-calorie  irUake  of  the  edema  rats.  Some 
observers  have  said  that  the  edema  that  occurred  in  the  wax-stricken 
countries  during  the  war  was  due  to  a  low  intake  of  calories.  The 
food  consumption  records  of  my  experimental  animals  show  that  the 
rata  on  the  low-protein-carrotniiet  did  not  consume  as  much  of  the  diet 
as  those  who  received  adequate  protein  in  their  diets,  although  the 
same  amount  of  food  was  given  to  each.  Low  calorie  intake  therefore 
had  to  be  considered  as  a  possible  cause  of  the  edema  in  these  rate. 

That  low  calorie  intake  is  not  the  cauae  of  the  edema  in  the  rats  in 
this  work  is  shown  by  figure  3,  which  gives  the  results  of  a  study  of 
this  factor  in  the  production  of  edema.  Curve  7  is  a  compoaite  weight 
curve  of  the  three  control  rats  which  received  18  per  cent  of  purified 
casein  in  their  diet.  Curve  III  shows  the  average  weekly  food  con- 
sumption of  these  rats  in  calories.  Curve  II  is  a  composite  weight 
curve  of  six  rata  on  the  low-protein-carrot-diet.  Curve  IV  shows  the 
average  weekly  food  consumption  of  these  rats  in  calories.  The  only 
source  of  protein  in  the  diet  of  the  rats  of  curve  II  is  the  carrot  in  the 
diet.  Curve  V  is  a  composite  weight  curve  of  five  rats  whose  food 
consumption  was  limited  in  calories  to  that  amount  shown  in  curve  IV. 
The  diet  of  these  rats  was  made  up  the  same  as  that  of  the  rats  whose 
weight  curve  is  represented  by  curve  II,  but  with  sufficient  casein 
replacing  starch  in  the  diet  to  give  each  rat  1  gram  of  casein  per  day, 
which  is  approximately  the  amount  of  casein  consumed  by  the  control 
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Fig.  3.  The  curves  of  figure  3  show  that  the  low  calorie  intake  of  the  nta 
need  in  this  work  is  not  regponsible  for  the  development  of  the  edema. 
'  Curve  1  is  the  eompoeite  growth  curve  of  rats  with  18  [>er  cent  casein  in  their 
diet.  Curve  III  repreaents  their  average  weekly  food  consumption  in 
oaloriee.  Curve  II  is  the  composite  weight  curve  of  rats  on  the  low-protein- 
carrot-diet.  Curve  IV  represents  their  average'  weekly  food  consumption  in 
calories.  Curve  V  Ib  the  composite  growth  curve  ot  rata  whose  food  consump- 
tion is  limited  to  that  represented  in  curve  IV,  i.e.,  the  same  ae  the  rats  whose 
we^t  curve  is  shown  by  curve  11,  which  means  that  the  rats  of  curve  Y  received 
a  low-calorie  diet;  but  the  rats  of  curve  Y  were  fed  adequate  protein,  1  gram  of 
casein  per  day  being  fed  and  aomstarch,  of  the  calorie  value  of  the  gram  of  pro- 
tein added,  being  withdrawn.  So  the  rats  in  curve  Y  received  a  low-calorie  diet 
with  adequate  protein.  These  rata  (curve  V)  did  not  show  edema  but  slowly 
gained  in  weight.  As  pointed  out  before,  the  rats  of  curve  lY  showed  a  large 
percentage  of  edema.  Which  proves  that  the  comparatively  low-calorie  intake 
of  the  edematous  rats  was  not  the  cause  of  the  edema,  for  edema  did  not  develop 
in  the  rats  (curve  V)  receiving  adequate  protein  with  low-calorie  intake. 

I.  Composite  weight  curve  of  3  rats  on  carrot  +  18  per  cent  casein  diet. 

II.  Composite  weight  curve  of  6  rats  on  carrot — low-protein  diet. 

III.  Curve  showing  average  weekly  food  consumption  in  calories  of  rats  of 
curve  I, 

IV.  Curve  showing  average  weekly  food  oonsumptioo  in  calories  of  rats  of 
curve  II. 

V.  Composite  weight  curve  of  6  rats  on  low  calorie  diet  with  adequate  protein. 
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rate.  There  is  a  slow  gradual  gain  in  weight  of  these  rats  which  was 
still  continuing  at  the  time  the  experiment  was  stopped.  The  rats 
showed  a  slight  tendency  to  the  lesions  described  in  the  rats  kept  on 
the  iow-protein-carrot^-diet,  which  shows  that  these  lesions  are  not 
specific  for  the  absence  of  adequate  protein  in  the  diet,  but  due  to  an 
infection  as  a  result  of  lowered  resistauce.  These  lesions  could  be 
cured  by  the  application  of  vaseline.  With  the  exception  of  the  lowered 
resistance  and  the  retarded  growth,  these  animals  appeared  to  be  in 
excellent  condition,  the  hair  and  eyes  beii^  normal  as  well  as  appetite 
and  activity.  If  the  low  calorie  intake  was  the  cause  of  the  edema  in 
rats,  these  rats  should  have  at  least  shown  Bon;ie  edema  at  the  time  the 
experiment  was  stopped,  for  they  had  been  kept  on  this  low  protein 
diet  14  weeks.  The  diet  was  fed  in  the  wet  form.  When  rats  of  the 
same  age  and  weight  had  been  fed  the  wet  low-protein-carrot-diet 
(results  shown  in  table  3)  the  rats  were  all  dead  at  the  end  of  13  weeks 
and  a  lai^e  percentf^  of  them  had  developed  edema. 

In  addit«n  to  the  work  recorded  in  figure  3,  some  rats  were  fed  a 
diet  of  even  lower  calorie  value,  the  food  consumption  being  reduced 
by  16  per  cent,  but  each  rat  was  still  receiving  1  gram  of  purified  casein 
per  day.  Some  of  these  rats  lost  weight  and  died  without  showing 
edema  and  some  were  growing  and  in  splendid  condition  when  the 
experiment  was  stopped.  So  the  low-calorie  intake  of  the  edematous 
rats  is  not  the  cause  of  the  edema. 

The  edema  is  not  due  to  some  "toxic"  effect  (>f  ike  carrots.  The  writer  . 
has  been  told  that  the  people  of  Germuiy  who  used  vegetables  as  such 
a  large  part  of  their  diet  and  suffered  from  war  edema  are  said  to  have 
called  the  disease  "  RUbenkrankheit."  The  low-protein-carrotHiiets 
which  were  the  cause  of  the  development  of  edema  in  these  rats  had  a 
very  high  carrot  content  and  some  might  say  that  there  may  be  some 
toxic  product  in  the  carrots  that  impairs  the  kidney  or  some  other  tissue 
of  the  body  and  makes  it  impossible  to  eliminate  fluids  from  the  body. 
This  cannot  be  the  case,  for  the  control  rats  receive  the  same  propor- 
tion of  carrots  in  their  diets  and  are  perfectly  normal.  Furthermore  one 
lot  of  three  rats  was  fed  on  a  low-protein-diet  (2  per  cent  casein)  with 
no  carrots,  but  with  the  calories,  usually  supphed  by  carrots,  aupphed 
by  cornstarch.  The  rats  followed  the  same  general  course  and  one 
developed  edema  just  as  the  rats  on  the  low-protein-carrot-diet. 

Why  do  not  all  of  the  rats  develop  edema  aiid  why  is  the  edema  inter' 
mittentf  It  is  difficult  to  explain  why  some  of  the  rats  on  this  low- 
protein-diet  develop  edema  find  others  do  not.     There  is  no  relation 
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between  age  or  weight  and  the  development  of  edema,  neither  is  one 
litter  more  liable  to  edema  than  another.  All  of  the  rats  on  this  diet 
grow  weak  and  are  quite  similar  in  showing  all  the  other  symptoms  of 
malnutrition.  A  muscular  wasting  is  evident  in  all  and  an  atrophy  of 
the  testicles  of  the  male  is  quite  evident.  No  doubt  histological  work 
would  reveal  atrophy  in  all  the  tissues.  But  why  should  the  tissues 
of  one  rat  undergo  changes  which  cause  them  to  retain  fluids  to  this 
excessive  degree  and  those  of  another  rat  not  undergo  these  same 
changes,  when  both  rats  are  from  the  same  litter,  have  the  same  weight, 
and  have  the  same  environment  and  are  receiving  equal  amounts  of 
the  same  kind  of  food?  Neither  is  there  any  relation  between  the 
amounts  of  food  consumed  and  the  development  of  edema;  the  food 
consumption  varies  among  the  rats  that  develop  edema  just  as  it  varies 
amoi^  the  rats  that  do  not  develop  edema. 

Another  fact  that  is  difficult  to  explain  is  the  intermittency  of  the 
edema  in  many  of  the  rats.  This  too  is  very  irregular.  Sometimes 
rats  will  show  edema  6  or  8  weeks  before  their  death.  It  disappears 
and  may  or  may  not  return,  or  it  may  return  and  disappear  several 
times.  Very  often  rats  will  show  an  extreme  edema,  such  as  has  been 
described  as  a  "blister"  on  the  chest  and  very  often  this  disappears 
almost  entirely  in  12  to  24  hours,  without  any  change  in  diet.  Why 
do  the  tissues  retain  the  fluid  at  one  time  and  then  change  so  suddenly? 
Could  it  be,  perhaps,  that  the  absence  from  the  diet  of  sufficient  amount 
of  certain  specific  substances,  whose  absence  is  responsible  for  the 
development  of  the  edema,  causes  the  tissues  generally  or  certain 
specific  organs  to  undergo  changes  (as  they  do  in  actual  starvation) 
which  leads  to  the  liberation  of  these  specific  substances  and  in  turn 
to  the  temporary  disappearance  of  the  edema?  No  doubt  a  clearer 
knowledge  of  the  tissue  changes,  that  are  responsible  for  the  retention 
of  the  fluids,  would  throw  some  light  on  the  subject. 

How  does  the  acid  content  of  the  diet  influence  the  edema?  An  attempt 
was  made  to  determine  more  accurately  the  changes  that  take  place 
in  the  tissues  to  enable  them  to  retain  water  to  the  striking  degree  that 
occurred  in  these  edematous  rats.  As  acidosis  is  a  suggested  cause  of 
edema  this  was  one  of  the  first  factors  to  be  considered.  The  ordinary 
methods  for  determining  this  condition  seemed  difficult  to  apply  in 
such  small  animals  for  it  would  be  difficult  to  obtain  sufficient  blood 
without  sacrificing  the  animal,  which  course  did  not  seem  practical  in 
this  stage  of  the  work.  As  an  indicative  measure  a  diet  was  made 
using  salt  mixture  VI  instead  of  salt  mixture  II.    Salt  mixture  VI  has 
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slightly  moreof  the  acid  salt  Ca  (HjPOi)!  in  place  of  some  of  the  calcium 
lactate  as  in  salt  mixture  11.  With  the  exception  of  this  small  change 
in  the  acid  content  this  new  diet  was  identical  with  diet  XII  (see  table 
3).  As  a  control  diet  XII  (a)  was  used.  Of  the  rats  fed  this  diet  with 
increased  acid  content,  88  per  cent  (8  out  of  9  rats)  developed  edema 
whereas  on  the  control  diet  only  50  per  cent  (3  out  of  6  rats)  developed 
edema.  It  should  be  noted,  however,  that  when  diet  XII  (a)  was  fed 
earlier,  as  recorded  in  table  3, 66|  per  cent  of  the  rats  developed  edema, 
a  somewhat  greater  percentage  than  occurred  in  this  experiment. 
These  results  would  indicate  that  the  increased  acid  content  of  the 
diet  so  alters  or  injures  the  tissues  as  to  make  them  more  likely  to  retain 
water.  That  the  acid  itself  is  not  the  cause  of  the  edema  is  shown  by 
the  fact  that  one  of  the  rats  that  had  developed  edema  on  this  inore  acid 
diet  was  cured  by  putting  him  on  a  diet  with  the  same  acid  content 
but  with  18  per  cent  pure  casein  replacing  18  per  cent  cornstarch.  This 
rat  was  not  only  cured  but  in  the  succeeding  5  weeks  increased  in  body" 
weight  26  grams.  This  strengthens  the  evidence  for  the  curative  value 
of  adequate  protein  in  cases  of  edema  of  this  type  since  it  is  here 
successful  in  curing  the  edema  with  the  adverse  condition  of  the  h^her 
acid  content  present. 

The  i  elation  of  the  kidney  to  the  protein  deficiency.  There  is  some 
indication  that  the  kidney  cells  are  injured  and  therefore  fail  to  elimi- 
nate the  water.  Although  very  little  work  was  done  on  the  kidney 
tissues,  sections  were  made  of  a  few  kidneys  and  some  albumin  found 
in  the  tubules.  Attempts  were  made  to  test  the  urine.  It  was  difficult 
to  collect  uncontaminated  urine  from  the  rats  so  that  the  urine  was  col- 
lected, after  death,  from  the  urethra  (where  urine  remained  in  the  blad- 
der) by  slight  pressure  on  the  bladder.  Positive  tests  for  albumin  were 
obtained  but  when  the  normal  rats  were  killed  and  the  urine  collected  in 
the  same  manner  and  tested,  positive  results  were  also  found  which 
made  the  above  experiments  of  no  value.  And  yet  it  seems  probable 
that  the  albumin  in  the  tubules  would  follow  the  current  of  urine  into 
the  bladder. 

In  this  connection  it  is  interesting  to  note  the  work  of  Epstein  (32), 
who  recommends  a  diet  high  in  well-selected  proteins  and  low  in  carbo- 
hydrates and  fats,  in  cases  of  edema  in  certain  types  of  chronic  nephritis. 
He  further  suggests  that  chronic  parenchymatous  nephritis  might  be 
genetically  a  disorder  of  nutrition.  AJlbutt  (33)  reports  a  case  of 
renal  dropsy  cured  by  a  high  protein  diet. 
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It  is  reported  by  Captain  McCay  (34)  that  renal  disease  is  more 
CCHDmoa  amoog  the  population  of  Bengal  than  among  the  EuiopeaoB 
who  consume  more  protein  than  the  Bengali. 

One  of  the  long  recognized  results  of  a  high  protein  diet  is  the  impair- 
ment of  kidney  cells.  Chittenden  (35)  emphasizes  the  importance  of 
limiting  the  "daily  intf^  of  protein  food  to  as  low  a  level  aa  is  con> 
sistent  with  the  true  needs  of  the  body,  in  those  oases  where  the  kidneys 
are  at  all  enfeebled  or  where  it  seoms  desirable  to  exercise  due  precau- 
tion as  a  possible  means  of  prevention."  From  the  evidence  here 
given  it  would  seem  that  there  is  equally  as  great  danger  of  renal 
impairment  from  a  low  protein  diet.  This  follows  very  reasonably  for 
certainly  theite  ifi  a  weakenii^  of  all  the  tissues,  quite  evident  in  the 
general  muscular  weakneea  of  the  animal  which  is  certainly  due  to  a 
specific  protein  starvation  of  the  cells. 

it  is  reported  (3)  that  often  edema  did  not  occur  among  people  when 
on  the  restricted  war  diet,  until  they  did  hard  work.  It  is  further 
reported  that  rest  in  bed  along  with  dietary  changes  was  very  bene- 
ficial. This  would  indicate  that  muscular  work  is  a  predisposing  factor 
to  the  edema,  which  seems  very  probable.  If  the  tissues  of  the  body 
are  not  receiving  enough  food,  certainly  muscular  work  would  rel^ 
lively  diminish  the  amount  of  food.  Furthermore,  during  muscular 
work  lactic  acid  is  formed  and  according  to  Fischer  (36)  acid  renders 
the  tissues  able  to  hold  more  water. 

CONCLUSIONS 

1.  When  young  rats  are  fed  diets  composed  largely  of  carrots  and 
with  carrots  as  the  only  source  of  protein,  a  lai^  percentage  of  the 
rats  develop  edema. 

2.  Fats  or  fatrsoluble-vitamine  do  not  prevent  the  occurrence  or 
decrease  the  percentage  of  edema  in  rats,  even  if  10  per  cent  of  the 
calorie  value  of  the  diet  is  made  up  of  butter-fat. 

3.  The  water-soluble-vitamine  does  not  prevent  the  occurrence  or 
decrease  the  percentage  of  edema  in  rats  fed  the  low-protein-diet. 

4.  Salts  do  not  play  any  appreciable  r6Ie  in  the  production  of  this 
type  of  edema,  for  even  when  the  salt  content  is  doubled  there  is  no 
noticeable  effect  upon  the  occurrence  of  edema. 

5.  The  water  intake  of  the  animal  which  is  feeding  on  the  low-protein- 
oarrot-diet  decidedly  influences  the  development  of  the  edema.  Edema 
develops  more  frequently,  is  more  severe  and  develops  sooner  on  a  wet 
diet  than  on  a  dry  diet. 
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6.  When  a  sufficient  amount  of  an  adequate  protein  is  added  to  tiie 
low-pTotein-carrot-diet,  in  place  of  an  equivalent  amount  of  cornstarch,  > 
edema  is  not  only  averted  in  rats  feeding  on  this  diet  but  the  rata  show 
normal  growtli  and  reproduction. 

7.  That  the  edema  does  not  develop  as  a  result  of  some  tone  sub- 
stance in  the  carrot*  is  shown  by  the  fact  that  rats  fed  on  the  control  diet 
with  the  same  carrot  content  as  the  low-protein-cairot-diet  but  with 
adequate  protein  did  not  develop  edema  fwd  showed  normal  well-beii^. 

8.  When  the  acid  content  of  the  diet  was  increased  the  percentage 
of  rats  developing  edema  was  increased  from  50  per  cent  to  88  per  cent. 
That  the  acid  in  this  diet  was  not  the  chief  etiological  factor  of  the 
edema  is  shown  by  the  fact  that  one  rat  on  this  diet  was  cured  and 
made  to  grow  normally  on  the  diet  with  no  change  in  the  acid  content 
but  with  an  adequate  protein  supply  replacing  an  equivalent  amount 
of  com  starch  in  the  diet. 

9.  The  edema  manifested  in  these  rats  is  not  due  to  simple  starvation, 
or  low  caloric  intake,  for  when  rats  are  fed  a  diet,  including  1  gram  of 
adequate  protein  each  day,  of  the  same  caloric  value  as  the  diet  fed 
the  edematous  rats,  they  do  not  develop  edema. 

10.  This  edema  can  be  successfully  cured  by  supplying  the  diet 
with  adequate  protein.  Edema  was  produced  and  cured  three  times 
in  one  rat  by  alternating  low-protein-diet  (edema-producing)  with  an 
adequate  protein  diet. 

11.  These  findings  warrant  the  general  conclusion  that  if  it  is  neces- 
sary to  limit  the  amount  of  protein  in  a  diseased  condition  or  in  a 
period  of  national  economic  stress  (as  was  necessary  in  some  of  the 
European  countries  durii^  the  recent  war),  it  is  advisable  to  administer 
the  low  protein  diet  in  a  form  free  from  excess  of  water  and  any  acid 
producing  foods.  Symptoms  of  developing  ed«na  must  be  looked  for 
and  adequate  protein  supplied  immediately  to  effect  a  cure. 

Note  1.  I  wish  to  express  my  deepest  gratitude  to  Dr.  A.  B.  Luck- 
hardt  for  his  keen  interest  and  enthusiasm  for  the  work  throughout 
its  course  and  for  the  many  helpful  suggestions  that  were  offered  frona 
time  to  time;  and  to  Edgar  C.  Turner  for  his  great  interest  and  excellent 
assistance  rendered  in  taking  care  of  the  animals. 

Note  2.  The  wheat  germ  used  in  all  of  these  experiments  was  fur- 
nished by  the  Washburn-Crosby  Milling  Co. 
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Theresa  Seessel  Research  Fellowships 

To  Promote  Original  Research  io  Biological  Studies 

YALE  UNIVERSITY 

Two  Fellowships,  yielding  an  income  of  $1,000  each,  open  to 
men  or  women.  Preference  is  given  to  candidates  who  have  already 
obtained  their  Doctorate,  and  have  demonstrated  by  their  work  fit- 
ness to  carry  on  successfully  original  research  of  a  high  order.  The 
holder  must  reside  in  New  Haven  during  the  college  year,  October  to 
June.  Applications  should  be  made  to  the  Dean  of  the  Graduate 
School,  New  Haven,  Connecticut,  before  May  1, 1920;  they  should 
be  accompanied  by  reprints  of  scientific  publications  and  letters  of 
recommendation,  and  a  statement  of  the  particular  problems  which 
the  candidate  expects  to  investigate. 


OVARIAN  DYSFUNCTIONS 

INCLUDING  ESPECIALLY 
Such  Symptoms  As 

VOMITING  OF  PREGNANCY 

and 

DISTRESSING  DYSMENORRHEA 

Conservative  Clinicians  Report  Successful  Treatment  With 

CORPUS  LUTEUM-LUTEIN 

(Ovarian  Normalizer) 

and 

BENZYL  BENZOATE-MISCIBLE  SOLUTION 

(Non-Narcotic  Antispasmodic) 

Pertinent  Papers  by  Leading  Gynecologists  In  Reprint  Fonn 
Will  Be  Sent  Upon  Request 

HYNSON.WESTCOTT  &  DUNNING,  Baltimore 
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Accuracy  m  Therapeutics 


The  practicing  phjrncian  wants  a  definite  result  from  a 
definite  dosage. 

He  does  not  always  get  it.     fVfQf  ? 

Variability  in  the  remedial  agents  of  the  market  is  largely 
responsible.  .  Preparations  of  questionable  quality  and  potency 
are  far  too  common.  Administration  of  such  products  is  most 
uncertain  medication. 


There  is  one  method  by  which  the  therapeutic  worth  of 
medicinal  preparations  may  be  definitely  determined  before 
administration.  That  method  is  by  aatay,  chemical  or  phyno- 
logical.     That  method  is  oar  method. 

We  standardize  our  entire  output  of  pharmaceutical 
and  biological  products  — our  fluid,  solid  and  powdered  . 
extracts;  tinctures,  elixirs,  pills,  tabLts,  serums,  vaccines— 
chemically  or  phsrstolog^cally,  to  the  utmost  degree  possible 
in  the  present  development  of  chemical  and  pharmacological 
knowledge.  We  were  pioneers  in  standardization,  both  chem- 
ical and  physiological. 

Specify  "Parke,  Davis  &  Co."  when  ordering  or  pre- 
scribing. Have  pontive  assurance  that  the  agents  you  administer 
are  therapeutically  e£cdent  and  of  definite  medicinal  strength. 

PARKE,  DAVIS  &  CO. 
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THE  AMERICAN 

Journal  of  Physiology 

VOL.  51  APRIL  1,  1920  No.  3 

THE  EFFECT  OF  THE  SUBCUTANEOUS  INJECTION  OF 

ADRENALIN  CHLORID  ON  THE  HEAT  PRODUCTION, 

BLOOD  PRESSURE  AND  PUISE  RATE  IN  MAN 

IRENE  8ANDIF0RD 

From  tht  Mayo  Foundation,  Vniverfity  of  Mmnetota,  BochMUr,  Mitm. 

Reoeired  for  publioktion  J&nuarjr  22, 1030 

The  reeulta  of  previous  studies  of  the  effect  on  the  respiratoiy  ex- 
change of  the  injection  of  adrmalin  chlorid  may  be  briefly  summarized: 
An  increase  in  the  respiratory  quotient  was  found  by  Fucha  and  Roth 
(1),  Hari  (2),  Bernstein  and  Falta  (3),  Lusk  and  Riche  (4),  (5)  and  by 
TompkinB,  Sturgis  and  Weam  (6).  La  Franca  (7),  Wilenko  (8)  and 
Bernstein  (9)  found  no  change.  A  greater  oxygen  consumption  or  cal- 
orific output  than  normal  was  noted  by  La  Franca  (7),  Fuchs  and  Roth 
(1),  Bernstein  and  Falta  (3),  Bernstein  (9),  Lusk  and  Riche  (4),  (5), 
and  by  Tompkins,  Stutgis  and  Weam  (6) ;  Wilenko  (8)  found  no  chai^ 
in  the  oxygen  consumption  and  Hari  (2)  and  Jackson  (10)  found  a. 
decrease. 

Of  these  contributions  the  most  important  is  that  of  Tompkins,  Stur- 
gis and  Weam  (6).  In  a  careful^  controlled  aeries  of  34  experiments 
th^  obtained,  without  exception,  an  increase  in  the  heat  production 
following  the  injection  of  adrenalin  chlorid  (0.5  cc.  of  1/1000)  and  this 
increase  was  usually  accompanied  by  a  rise  in  the  respiratory  quotient 
(27  experiments).  Soldiers  were  studied;  they  were  divided  into  three 
groups:  a,  Those  with  "irritable  heart;"  b,  those  with  hyperthyroidism; 
and  c,  normal  men,  that  is,  well-trained  active  soldiers  on  full  duty. 
There  were  25  Boldiers  with  "irritable  heart,"  in  13  of  whom  the  in- 
crease in  the  metabolism  from  the  adrenalin  injection  was  accompanied 
by  an  increase  in  the  pulse  rate  and  systoUc  blood  pressure  of  at  least 
ten  points  each,  while  in  12  there  was  a  lees  marked  increase.  In  the  3 
407 
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cases  of  hyperthyroidism  there  was  an  increase  of  more  than  ten  points 
m  both  the  pulse  and  systolic  blood  pressure,  while  in  the  6  Donnsl  sol- 
diers on  active  duty  the  response  in  the  pulse  rate  and  systolic  blood 
pressure  was  less  definite. 

Before  the  publication  of  the  paper  by  Tompkins,  Sturgis  and  Weam, 
an  investigation  on  the  effect  of  the  subcutaneous  injection  of  adrenahn 
on  the  heat  production,  pulse  rate,  and  blood  pressure  had  been  started  in 
t.hiw  laboratory;  a  preliminary  report  has  recently  been  made  (1 1)  of  the 
results  given  here  in  detail.  The  method  of  procedure  was  as  follows: 
The  patients  came  to  the  laboratory  in  the  so-called  post-ebsorptive  con- 
dition and  the  basal  metabohc  rate,  pulse  rate,  and  blood  pressure  were 
determined  after  the  patients  had  rested  in  bed  twenty  minutes  accord- 
ing to  the  r^ular  routine  practiced  in  this  laboratory  and  deecribed 
in  detail  elsewhere  (12).  For  the  determination  of  the  basal  metaboUc 
rate  a  mask  is  tightly  adjusted  over  the  patient's  mouth  and  nose  and, 
by  means  of  expiratory  and  inspiratory  valves,  the  total  volume  of  the 
patient's  expired  air  is  collected  in  a  gasometer  for  a  known  period  of 
approximately  ten  minutes.  Duplicate  determinations  are  made  of  the 
carbon  dioxid  and  oxygen  content  of  the  expired  air;<ithe  analyses  being 
done  in  the  Haldane  gas  analysis  apparatus.  From  the  data  obtained 
the  basal  metabolic  rate  is  calculated  by  the  usual  method. 

After  the  various  basal  values  have  been  determined,  0.5  cc.  of  l/lOOO 
solution  of  adrenalin  chlorid  (Parke,  Davis  &  Comi>any)  is  injected 
Bubcutaneously  in  the  patient's  arm ;  the  pulse  and  blood  pressure  are 
taken  every  five  minutes  for  the  next  two  hours  and  the  metabolic 
rate  detennined  for  approximately  ten-minute  periods  beginning  about 
ten  minutes,  thirty  minutes,  one  hour,  and  one  and  one-half  hours  after 
the  injection. 

Forty-six  experiments  were  done  on  the  39  patients  grouped  accord- 
ing to  diagnosis  in  table  1.  The  results  of  these  experiments  are  sum- 
marized in  table  2.  Four  experiments  in  group  1  are  not  included  In 
the  average  given  in  table  2  because  the  dose  of  adrenalin  was  less 
than  0.5  cc. ;  2  «cperiments  in  group  2,  1  in  group  3,  1  in  group  8,  2  in 
group  9  and  1  in  group  13  are  not  included  in  the  average  because  of 
previous  thyroxin  administration.  The  experiments  omitted  from  the 
average  are  starred  in  table  1 .  The  data  obtained  as  basal  before  the 
adrenalin  injection  are  contrasted  in  table  1  with  the  data  which  showed 
the  most  pronounced  reaction  following  the  injection.  The  percentage 
increase  over  the  basal  is  given  for  the  total  calories,  pulse  rate,  and 
systolic  blood  pressure.    In  table  2  are  given  the  average  data  for  the 
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vaiiouB  groups  of  caaee  studied.  In  table  3  are  grouped  those  eases  in 
which  the  adrenalin  teet  was  done  both  before  and  after  the  patienta 
were  given  thyroxin. 

TABLES 

Summary  of  the  effect  of  the  tiAettUmeoue  injection  of  adrenalin  chiorid  on  the  tyt- 
toHc  blood  preiBvre,  pulee  rate,  reipiration  rale,  tenlilaHon  rate,  reepiralary  quO' 
titnl,  Mai  cahriee  per  hour  and  baeal  wutabolie  rale  (filandard  doee  of  adrenalin 
ehlorid  OJ  ee.) 


Exophtlulfflic  goiten;  five  with  B, 
M,  R.  Above  +60  per  cent 

Four  Tith  B.  M.  R.  below  +60  per 
oeot +16 

Avenge  of  all  exophthalmic  goiters. . .  +44 

Adenomu  of  thyroid  jhyperthyroidiam  +15 

Double  oApboreotomised  neurMthenic 
with  hyperthyroidism  

Adenoma  of  thyroid  without  hyper- 
thyroidism  

Colloid  goiter;  hypothyroidism 

Addison's  disease 

Hypopituitarism 

Myxedema 

Postoperative  myxedema 

Atypical  hypothyroidiBm  on  thyroxin 

Anorexia  nervosa;  hypothyroidism  ... 

Neurasthenia  and  chronic  nervous 
exhaustion 

Normal  clinical  controls 


DISCUSSION   or  REBUI-TS 


Heat  production.  In  every  racperiment  there  was  an  increase  in  the 
heat  production  after  the  subcutaneous  injection  of  adrenalin  chiorid, 
the  maximum  occurring  as  a  rule  within  ten  to  thirty  minutes  after  the 
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injection.  With  but  three  exceptions,  one  patient  with  severe  exoph- 
thabnic  goiter  in  whom  only  0.1  cc.  adrenalin  waa  injected,  one  patient 
with  hypopituitarism,  and  one  patient  with  anorexia  nervosa,  this  maxi- 
mum increase  was  at  least  10  per  cent  above  the  basal ;  the  greatest  reac- 
tion was  48  per  cent  above  the  basal  and  occurred  in  a  case  of  chronic 
nervous  exhaustion.  Within  one  and  one-half  to  two  hours  after  the 
adrenalin  was  injected  the  metabolic  rate  had  returned  to  within  4 
[wints  of  the  preliminary  level  in  21  fficperiments;  it  was  still  somewhat 
elevated  in  19  experiments,  and  it  was  slightly  lower  than  the  basal 

Tij'pi.cs.l  cucv«  ef  tKe  ^vcenba^e,  vncvta.se  w,  the 
total  calories  follouring    tHe   injectioTi  of  &d- 
reualm    cHlOTid.'.  Bia^tvoiis :  He-uraatKeuia. . 
^«a>otT*'  Case  No.  Aa6129a 

bas&l 
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Fig.  1 

determined  before  the  injection  in  the  remaining  6  exp^iments.  A 
typical  example  of  the  post-adrenalin  metabolic  curve  is  given  in  figure  1 . ' 
Id  the  group  of  patients  with  exophthalmic  goiter  with  basal  metabolic 
rates  above  +50  per  cent  who  were  given  the  standard  dose  of  adre- 
nalin the  total  number  of  calories  per  hour  increased  on  the  average  22 
per  cent  over  the  basal,  while  in  the  group  of  patients  with  a  milder  de- 
gree of  exophthalmic  goiter  whose  basal  metabolic  rates  were  less  than 
-1-50  per  cent  the  total  number  of  calories  increased  on  the  average  15 
per  cent.    In  spite  of  this  no  consistent  relationship  can  be  seen  in  the 
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various  groups  studied  and  summarized  in  table  2,  between  the  height 
of  the  adrenalin  reaction  and  the  degree  of  hyperthyroidism  or  hypo- 
thyroidism as  determined  by  the  level  of  the  metabolic  rate.  This  in- 
consistency is  furtho*  shown  in  the  6  cases,  (table  3)  in  which  the  adre- 
nalin reaction  was  studied  both  before  and  after  the  intravenous  injec- 
tion of  thyroxin  for  in  two  of  these  the  percentage  increase  in  the  total 
calories  after  the  adrenalin  injection  was  less  instead  of  greater  in  the 
adrenalin  test  carried  out  after  the  patients  had  received  thyroxin. 
Furthermore,  there  is  only  a  very  slight  difiEerence  in  the  average  in- 
crease in  the  heat  production  from  the  adrenalin  injection  before  thy- 
roxin was  administered  (17  per  cent)  as  compared  with  the  average 
increase  after  thyroxin,  was  given  (21  per  cent). 

The  metabolic  curve  resulting  from  the  subcutaneous  injection  of 
adrenalin  is  entirely  different  from  that  found  by  Plummer  followii^ 
the  intravenous  injection  of  16  mg.  of  thyroxin.  Following  the  injec- 
tion of  adrenalin  the  height  of  the  metabolic  curve  is  reached  in  approxi- 
mately from  ten  to  thirty  minutes  and  has  returned  to  its  basal  level  in 
about  two  hours;  when  thyroxin  is  injected,  however,  the  height  isnot 
reached  for  approximately  from  three  to  ten  days  and  the  basal  level 
not  regained  for  from  one  to  two  months.  The  presence  of  hypergly- 
cemia (13)  following  the  injection  of  adrenaUn  chlorid  naturally  directs 
attention  to  the  similarity  of  the  post-adrenalin  metabohc  curve  to 
that  found  by  Lusk  (14)  as  a  result  of  carbohydrate  plethora  following 
the  ingestion  of  glucose. 

Ventilation  and  reapiraiion  rates.  There  is  invariably  an  increase  in 
the  ventilation  rate  following  the  injectioa  of  adrenalin  chlorid  and  this 
is  usually  accompanied  by  an  increase  in  the  respiration  rate,  although 
there  may  even  be  a  decrease  in  the  latter.  The  variations  in  the 
percentages  of  carbon  dioxid  eliminated  in  the  expired  air  and  of  oxygen 
absorbed  from  the  inspired  air  vary  inversely  with  the  changes  in  the 
ventilation  rate  and  directly  with  the  increase  in  the  metabolism. 
It  is  impossible,  however,  to  predict  the  degree  with  which  the  increase 
in  the  respiratory  volume  will  predominate  over  the  concentration  of 
that  volume  in  different  individuals  or  even  in  the  same  individual  at 
different  times. 

Respiratory  quotient.  Following  the  injection  of  adrenalin  Uiere  was 
an  increase  in  the  respiratory  quotient  in  39  experiments,  no  change  in 
1  experiment,  and  a  decrease  in  6.  These  results  taken  in  conjunction 
with  those  of  Tompkins,  Stui^  and  Wearn  (6)  indicate  that  as  a  rule 
there  is  an  increase  in  carbohydrate  combustion;  this  is  confirmed  by 
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the  findings  of  other  obaerrerB  of  an  increase  in  the  blood  sugar  (13) 
following  the  injectioa  of  adrenalin.  The  action  of  adrenalin,  there- 
fore, ia  not  only  to  cause  a  higher  rate  of  oxidation  but  also  to  mobilize 
carbohydrate  as  fuel  for  this  increased  combustion;  which  reaction  is 
primary  is  not  known. 

Diaatdic  Uood  pressure.  Throughout  the  groups  there  ia  no  constant 
variation  in  the  diastohc  blood  pressure.  In  19  experiments  there  was 
an  increase,  in  7  there  was  no  change,  and  in  20  there  was  a  decrease. 
If  tiie  peripheral  capillary  cross  section  remains  constant  when  the 
blood  flow  is  increased  the  diastolic  blood  pressure  necessarily  rises; 
an  unchanged  or  decreased  diastolic  with  increased  Idood  flow  would 
indicate  a  compensatory  peripheral  dilatation.  Even  a  certain  propor- 
tion of  tJioee  experiments  that  showed  a  slight  increase  in  diastolic 
blood  pressure  may  likewise  have  had  a  slight  peripheral  dilatation 
that  was  not,  however,  of  sufficient  degree  entirely  to  compensate  for 
tiie  increased  Uood  flow.  A  peripheral  compensatory  dilatatioa  is, 
therefore,  indicated  by  the  data  in  27  experiments ;  it  may  have  occurred 
in  an  unknown  proportion  of  the  other  19  experiments.  Further  evi- 
dence of  peripheral  dilatation  is  shown  by  the  flushing  of  the  skin 
and  increased  perspiration,  which  are  physical  compensatory  factors 
to  accommodate  the  body  to  the  increased  production  of  heat. 

Systolic  blood  pressure.  An  increase  in  the  systoUc  blood  pressure 
was  noted  in  all  but  4  cases  following  the  adrenalin  injection.  These 
four  are  as  follows:  One  case  of  adenomas  of  the  thjToid  without 
hyperthyroidism  with  a  basal  metabolic  rate  of  -|-4  per  cent;  one  case 
of  hypopituitarism  with  a  basal  metabohc  rate  of  —28  per  cent;  one 
case  of  post-operative  myxedmna  with  a  basal  metabolic  rate  of  — 13 
per  c^it;  and  one  case  of  neurastJienia  with  a  rate  of  -1-28  per  cent 
after  an  injection  of  thyroxin.  In  18  cases  the  increase  was  less  than 
10  per  cent;  in  17  the  increase  was  between  10  per  cent  and  20  per  cent, 
and  in  7  the  increase  was  21  per  cent  or  more  above  the  basal.  From 
a  study  of  the  individual  experiments,  of  the  averages  of  the  various 
groups  of  patients,  or  of  the  experiments  carried  out  after  the  patients 
had  received  thyroxin,  no  consistent  parallelism  can  be  seen  between 
the  percentage  increase  in  the  systolic  blood  pressure  following  Uie 
injection  of  adrenalin  and  the  degree  of  over-  or  under-activity  of  the 
thyroid  gland. 

Pulse  rate.  The  pulse  rate  increased  in  all  but  3  cases:  One  of  these 
was  a  case  of  myxed^na  in  which  the  basal  metabolic  rate  was  —  40 
pffl-  c^t;  the  second,  a  case  of  Addison's  disease  in  which  the  basal 
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metabolic  rate  was  —3  per  cent;  uid  the  third,  a  case  ctf  mild  exoph* 
tbahnic  gmter  in  a  stage  of  remiBsioa  ia  which  the  baaal  metabolic  rate 
was  +  9  per  cent.  Ten  eases  showed  le&a  than  a  10  per  cent  increaae; 
all  the  rest  showed  a  greater  response.  With  an  increase  in  the  oxygen 
consumed  and  carbon  dioxid  produced  following  the  injection  of  adrena- 
lin the  circulatory  i^yvtoD  must  tnaspcat  larger  amounts  of  these  and 
of  other  substance^.  This  cui  be  accomplished  in  two  ways:  a,  by  an 
increase  (15),  (16)  in  the  blood  flow  which  can  be  brought  about  either 
l^  an  increase  in  the  number  of  beats  of  the  heart  for  each  minute,  or 
by  an  increase  in  the  volume  of  each  beat  (or  by  both,  or  l^  a  large 
increase  of  one  with  a  decrease  of  the  other);  and  ft,  by  a  unit  volume 


Summary  of  effect  of  avbcvUmtov*  injtetion  of  adr«naiin  iMcrid  on  blood  pr«(tur«, 
pul»e  rate,  and  reapiration  raU  (alandard  do»t  of  adrenalin  ehiorid  0.5  ec.) 


Exophthalmic  goiter 

Adenomas  of  thyroid  vith  hyperthyroidism.. 
AdeoomM  of  thyroid  withoot  hyperthyroid' 

isro 

Colloid  goiter 

Gftrdiac  disease 

Neurasthenia 

Malignancy 

Pulmonary  tuberculosis 
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of  blood  carrying  a  greater  load.  Which  of  these  variable  factors  will 
predominate  is  of  course  impossible  to  predict.  Furthermore,  no 
consistent  relationship  can  be  seen  following  the  injection  of  adrenalin 
between  the  response  of  the  pulse  rate  and  the  degree  of  activity  of 
the  thyroid  gland. 

SuppUmerUairy  erpmmentB.  A  second  series  of  29  experiments  was 
carried  out  in  a  manner  similar  to  that  employed  in  the  preceding  series 
except  that  the  metabolic  rates  were  not  determined  after  the  admin- 
istration of  adrenalin.  The  results  are  presented  in  a  summarized 
form  in  table  4.  As  in  the  first  series,  there  is  in  the  various  groups 
an  average  irregular  increase  in  both  pulse  rate  and  systolic  blood 
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pressures.  We  c&n  discern  no  paraUelism  iaetwe^i  the  changes  in 
pulse  rate  and  blood  pressures  and  the  d^;ree  of  hyperthyroidism  that 
would  in  any  way  render  the  reaction  of  diagnostic  value  in  such  con- 
ditions, as  has  been  suggested  by  Goetsch  (17). 

OtnVEBAI.  DISCUSSION 

These  experiments  indicate  that  the  injection  of  adrenalin  chlorid 
produces  invariably  an  increase  in  the  rate  of  cellular  combustion 
varying  between  a  calorific  increase  of  from  4  per  cent  to  48  per  cent. 
This  increase  is  accompanied  as  a  rule  by  an  increase  in  the  ven- 
tilation rate,  respiration  rate,  number  of  heart  beats  for  each  minute, 
volume  of  each  beat,  greater  utilization  of  the  blood -carryii^  power 
and  peripheral  dilatation  with  an  increased  systolic  and  decreased 
diastolic  blood  pressure.  Not  all  these  compensatory  factors  neces- 
sarily come  into  play  in  each  instance;  as  would  be  expected,  vari- 
ous combinations  may  occur,  sometimes  one  factor,  sometimes  an- 
other factor  acting  as  the  major  compensation.  In  individual  in- 
stances it  is  impossible  to  predict  the  combination,  althot^h  in  per- 
fectly  healthy  and  well-trained  persons  such  as  those  in  the  group  of 
normal  soldiers  studied  by  Tompkins,  Sturgis  and  Weam,  each  com- 
pensation factor  plays  its  r61e  so  well  and  so  easily  that  there  is  dis- 
cernible only  the  slightest  increase  of  any  one  factor,  while  in  the  case 
of  ill-acting  hearts  (irritable  hearts)  the  response  to  extra  demands  is 
not  smoothly  and  efficiently  accomplished.  This  is  true  also  in  any 
condition  like  hyperthyroidism  in  which  the  circulatory  system  is  more 
or  less  damaged  and  already  severely  taxed  by  its  own  increased  metab- 
olism, and  as  a  result  an  additional  load  is  not  readily  borne. 

No  relationship  was  found  in  our  experiments  between  the  intensity 
of  the  reaction  and  the  d^ree  of  hyper-  or  hypothyroidism.  There  is 
no  sound  physiologic  foundation,  bo  far  as  we  can  see,  for  the  assump- 
tion that  the  character  of  the  reaction  following  the  injection  of  adrenalin 
chlorid  is  indicative  of  the  activity  of  the  thyroid  gland. 

The  cause  of  the  increased  heat  production  is  unknown.  The  simi- 
larity of  the  metabolic  rate  curve  following  the  injection  of  adrenalin 
to  that  found  by  Lusk  from  a  carbohydrate  plethora  naturally  directs 
attention  to  the  possibility  that  the  increased  heat  production  is  due 
to  an  excess  of  carbohydrate  metabolites.  In  addition  there  may  be, 
however,  a  direct  chemical  stimulation  of  cellular  combustion.  In 
either  case  the  phenomenon  is  obviously  in  harmony  with  Cannon's  (18) 
"emergency  theory"  of  the  action  of  adrenalin. 
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1.  Forty-six  experiments  are  reported  on  the  effect  of  the  aub- 
cutaneous  injeetion  of  adrenalin  chlorid  on  the  metabolic  rate,  pulae 
rate,  and  blood  pressure  of  patients  suffering  from  various  disorders 
of  the  ductless  glands. 

2.  A  supplementary  series  of  27  experiments  is  added  in  which  a 
study  was  made  of  the  effect  of  the  adrenalin  injection  on  the  pulse 
rate,  and  blood  pressure  (the  basal  metabolic  rate  being  known). 

3.  Adrenalin  chlorid  (0.5  cc.  of  I'lOOO)  injected -subcutaoeously 
invariably  causes  an  increase  in  the  metabolic  rate.  This  increase 
is  usually  accompanied  by  an  increase  in  the  ventilation  rate,  respira- 
tion rate,  number  of  heart  beats  each  minute,  volume  of  each  beat, 
greater  utilization  of  the  blood  carrying  power  and  peripheral  dilatation 
with  an  increased  systolic  and  decreased  diastolic  blood  pressure. 

4.  No  relationship  was  found  between  the  intensity  of  the  adreoalin 
reaction  and  the  degree  of  hyperthyroidism  or  hypothyroidism, 

5.  Attention  is  directed  to  the  similarity  of  the  metabolic  rate  curve 
following  the  injection  of  adrenalin  to  that  found  by  Lusk  from 
a  carbohydrate  plethora  and  to  the  possibility  that  the  increased  heat 
production  is  due  to  an  excess  of  carbohydrate  metabolites.  It  is 
su^ested  that  in  addition  there  may  be  a  direct  stimulation  of  cellular 
combustion. 
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The  experiments  here  reported  were  undertaken  with  the  view  of 
determining  more  definitely  whether  a  carbohydrate  diet  prevents  pan- 
creatic hypertrophy  or  induces  pancreatic  degeneration,  after  partial 
pancreatectomy.  The  work  was  begun  in  1916  and  the  experimental 
part  brought  to  conclusion  in  1917. 

The  question  whether  a  diet  rich  in  carbohydrates  is  the  etiologic 
factor  in  those  cases  of  human  diabetes  in  which  impairment  of  the  pan- 
creas cannot  be  related  to  known  disease  processes  (cancer,  infection, 
etc.)  was  put  to  expeiimental  test  in  1912  by  Thiroloix  and  Jacob  (1). 
These  investigators  reported  that  partially  pancreatectomized  dogs, 
remaining  free  from  diabetes  on  a  diet  of  meat,  develop  a  fatal  diabetes 
on  prolonged  carbohydrate  feeding.  They  concluded  that  the  pan- 
creas remnant,  adequate  to  prevent  diabetes  on  a  meat  diet,  is  "over- 
strained" by  the  prolonged  carbohydrate  diet.  As  already  noted  by 
Allen  (2),  these  investigators  reported  no  "controls,"  showing  that  dogs 
with  equally  smalt  pancreas  remnants  and  on  a  meat  diet  will  not  show 
a  similar  tendency  to  gradual  atrophy  of  the  pancreas  with  attendant 
fatal  diabetes.  Such  controls  are  necessary,  as  all  workers  in  this  field 
are  a^eed  that  even  with  the  most  careful  estimate  of  the  mass  of  pan- 
creas tissue  left  in  situ  to  just  avoid  permanent  and  fatal  diabetes,  one 
cannot  predict  whether  the  pancreas  remnant  will  undergo  hypertrophy 
so  as  to  render  the  dog  non-diabetie  even  on  a  carbohydrate  diet,  or 
whether  it  will  atrophy  ao  that  the  dog  becomes  permanently  diabetic 
even  on  a  protein  diet. 

In  1913  Allen  (2)  reported,  in  some  detail  experiments  on  eight  doge: 
"None  of  these  observations  were  as  long  or  as  positive  as  those  de- 
scribed by  Thiroloix  and  Jacob,  The  impression  gained,  however,  is 
in  favor  of  the  correctness  of  their  position,  viz.,  that  the  condition  in 
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these  doga  is  aggravated  by  the  carbohydrate  diet"  (p.  585).  "Dc^ 
at  the  outset  diabetic  (diabetes  levis),  yet  they  recover  in  spite  of  the 
heaviest  carbohydrate  diet  and  the  most  intense  glycosuria"  (p.  592). 

Id  1914  Allen  (3)  reported  more  positive  conclusioDS,  to  the  effect  that 
dogs  with  partial  pancreatectomy  remaining  permanently  free  from 
diabetes  on  meat  are  rendered  permanently  diabetic  on  a  diet  of  bread, 
or  bread  plus  glucose.  It  is  also  stated  that  in  such  diabetic  dogs  the 
island  tissue  UDdergoes  "hydropic  degeDeratioD,"  similar  to  that  noted 
by  Homans. 

Id  subsequent  publications  Allen  (4)  refers  frequently  to  rendering 
partially  depancreatectomized  dogs  permaocDtly  diabetic  by  a  liberal 
diet  of  any  of  the  three  classes  of  foodstuffs  (proteins,  fate,  or  carbohy- 
drates). The  details  of  these  experiments  have,  to  our  knowledge,  not 
been  published.  It  is  expressly  stated  by  Allen  that  fat  in  the  diet 
brings  on  diabetes  in  dogs  predisposed  to  diabetes  by  partial  pancreat- 
ectomy, and  that  the  prevention  of  diabetes  in  dogs  with  small  pancreas 
remnants  is  not  accomplished  by  withholding  starches  from  the  diet 
but  by  total  reduction  in  the  diet  amounting  to  partial  starvation. 
Allen's  work  on  experimental  diabetes  in  dogs  has  thus  been  gradually 
brought  in  accord  with  the  starvation  treatment  of  human  diabetes, 
as  inaugurated  by  Naunyn,  and  developed  so  brilliantly  in  this  country 
by  Allen. 

Allen  speaks  of  the  hydropic  degeneration  of  island  tissue  noted  after 
partial  pancreatectomy  as  a  result  rather  than  the  cause  of  the  diabetes 
— a  result  of  "overstrain"  on  the  endocrine  function  by  a  too  liberal 
diet,  and  support  for  this  "overstrain"  hypothesis  is  sought  by  analogy 
in  the  evil  effects  of  a  liberal  diet  on  persons  with  weakened  digestive 
powers. 


In  the  preparation  of  the  dogs  great  care  was  taken  that  the  following 
conditions  were  established:  a,  that  the  pancreas  remnant  was  con- 
nected with  the  duodenum  through  the  main  pancreatic  duct,  (D.  San- 
torini),  and  that  this  duct  remained  patent;  6,  that  each  animal  follow- 
ing the  partial  pancreatectomy  showed  no  glycosuria  on  a  Uberal  pro- 
tein diet,  but  showed  persistent  glycosuria  on  a  carbohydrate  diet. 
Animals  meeting  these  conditions  were  deemed  serviceable  for  the  in- 
vestigation of  this  problem. 

In  the  pancreatectomy  operation  the  spleno-gastric  and  the  pyloric 
portions  of  the  pancreas  were  freed  up  to  the  D.  Santorini,  ligated  off 
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and  removed.  Bmsll  fragments  of  pancreas  tissue  adhering  to  the  duo- 
denum were  carefully  removed.  The  pancreas  remnant  giving  the  de- 
sired glycosuria  was  assumed  to  be  a  fraction  of  approximately  one- 
seventh  of  the  total  pancreas  weight.  This  fraction  was  determined 
as  follows :  A  piece  of  the  excised  pancreas  was  trimmed  down  to  match 
that  remaining  attached  to  the  duodenum.  The  weight  of  this  piece 
added  to  the  weight  of  all  the  pancreas  tissue  removed  gives  the  total 
pancreas  weight.  The  weight  of  the  fraction  of  the  pancreas  remaining 
on  the  duodenum  was  determined  by  calculation,  using  the  weights  thus 
obtained.  If  this  remnant  was  in  excess  of  one-seventh  of  the  total 
weight  of  the  pancreas,  the  excess  was  ligated  o£F  and  removed.  I.^;a- 
tion  was  chosen  to  prevent  hemorrhi^e  of  the  cut  ends,  as  well  as  to 
avoid  fat  necrosis. 

The  animals  were  fed  once  a  day  on  an  excess  of  one  of  the  diets  men- 
tioned below.  By  an  excess  of  diet  is  meant  a  quantity  of  food  so  large 
that  some  of  the  food  was  found  in  the  pan  on  the  following  day  at  the 
time  of  the  next  feeding. 

Three  types  of  diets  were  used,  designated  as  A,  B  and  C. 

Diet  A.  This  consisted  of  a  mixture  of  boiled  starch,  fresh  bread  and 
meat.  The  meat  was  either  lung,  liver  or  skeletal  muscle  (round 
steak).    This  diet  contained  approximately  60  per  cent  of  carbohydrates. 

Diet  B  consisted  of  a  mixture  of  (equal  parts)  fresh  bread  and  fresh 
meat  (liver,  lung  or  skeletal  muscle).     This  is  a  low  carbohydrate  diet. 

Diet  C  consisted  of  raw  or  boiled  meat  (skeletal  muscle) ,  depending  on 
the  preference  of  the  individual  anunal.  Diet  C  is  therefore  essentially 
a  protein  diet. 

Diet  A  could  not  be  fed  continually  over  any  long  period  of  time, 
partly  because  it  seemed  to  favor  constipation,  partly  because,  sooner  or 
later,  the  dogs  refuse  to  eat  it.  The  two  diets,  A  and  B,  were  therefore 
used  interchangeably.  When  the  animals  refused  diet  A,  or  alimentary 
stasia  resulted  because  of  constipation,  they  were  given  diet  B  and 
later  put  back  on  diet  A.  The  diet  used  for  determining  the  service- 
ability of  the  animals  at  the  beginning  of  the  experiment  and  to  deter- 
mine the  degree  of  glycosuria  in  the  later  stages,  was  diet  B,  because  as 
this  contained  a  greater  amount  of  meat  it  was  ingested  in  greater 
quantities. 

The  animals  were  supphed  with  water  and  meat-free  bones  ad  libi- 
tum. Twenty-four-hour  samples  of  urine  were  collected  from  the  dogs 
kept  in  metabolism  cages  for  this  purpose.  Thymol  was  added  to  the 
urine  as  a  preservative.  The  urine  was  analyzed  for  sugar  by  Benedict's 
method. 
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RBaULTS 


Dog  A.  Removed  19.5  grams  of  the  pancreas  October  17,  1016.  Weight  of 
pancreas  remaant  estimated  3.5  grams.  Weight  of  dog  at  time  of  operation  10.2 
kilos. 

October  IS  to  November  6,  1916.  Dog  on  meat  diet.  No  polyuria.  A  trace 
of  sugar  in  the  urine  on  October  23,  and  October  26;  urine  free  from  sugar  during 
the  rest  of  the  period. 

November  7, 1916  to  March  7,  1917,  Dog  on  diet  B.  Slight  polyuria  {average 
250  cc.  per  day).  Sugar  in  the  urine  every  day  <0.21  per  cent  to  O.fiO  per  cent). 
Weight  of  dog  on  March  7, 8.8  Icilos. 

March  7  to  May  22,  1017.  Dog  on  meat  diet.  Urine  si^ar-free.  Weight  of 
dog  on  May  22, 10.6  kilos. 

May  23  to  26,  I9I7.  Dog  on  diet  A .  No  sugar  in  the  urine.  Laparotomy  per- 
formed and  2.2  grams  of  the  pancreas  remnant  extirpated.  The  pancreas  rem- 
nant appeared  hypertrophied. 

May  27  to  June  17, 1917.  Dog  on  meal  diet;  alight  polyuria  (about  275  cc.  per 
day)  but  no  sugar  in  the  urine.     Weight  of  dog  on  June  17,  1917,  10.7  kilos. 

June  18  to  October  11, 1917.  Dog  on  diet  A.  Marked  polyuria  (maiimum  2300 
cc.  per  day);  gradual  loss  of  weight  and  persistent  glycosuria  (2-7  per  cent). 
Weight  on  October  11,  6,4  kilos.  Dog  posted.  Weight  of  pancreas  remnant, 
7.4  grama.     Dog  extremely  emaciated,  akin  ulcers,  conjunctivitis. 

This  dog  died  in  diabetes,  despite  the  marked  hypertrophy  of  the  pancreas 
reamant.  The  dog  did  not  tolerate  the  high  carbohydrate  diet  very  well,  espec- 
ially during  the  month  of  August,  when  severe  gastro-iatestinal  disorders  tdiar- 
rhea,  vomiting,  anorexia)  developed. 

Dog  B.  Removed  20.1  grams  of  the  jiancreas  October  31,  1916.  Pancreas 
remnant  estimated  at  3.1  grama.    Weight  of  dog  8.6  kilos. 

November  1  to  18,  1916.    Dog  on  meat  diet.    Urine  sugar-free. 

November  19  to  December  4,  1916.  Dog  on  diet  B.  No  polyuria,  but  persist- 
ent glycosuria  (1-3  grams  per  day). 

Decembers,  I9IS  to  Januarys,  1S17.  Dog  on  diet  A.  Polyuria  with  persbtent 
glycosuria  (1-5  grams  per  day).     Weight  of  dog  January  8,  8  kilos. 

January  9  to  March  7,  1917.  Dog  on  diet  B.  No  polyuria,  but  alight  glyco- 
suria (0.5-1.0  gram  per  day), 

March  8  to  May  15, 1917.  Dog  on  meat  diet.  No  glycosuria.  Weight  of  dog 
on  May  15,  10.6  kilos. 

May  16  to  June  4,  1917.  Dog  on  diet  A.  Slight  polyuria,  but  no  glycosuria. 
Weight  of  dog  June  4,  8,5  kiloa. 

Laparotomy  performed  and  2  grama  of  the  pancreas  remnant  removed.  Rem- 
nant appeared  hypertrophied, 

June  6  to  18,  1917.  Dog  on  meat  diet.  Slight  polyuria,  but  no  glycosuria. 
Weight  of  dog  June  18,  9.6  kilos, 

June  18  to  July  22, 1917.  Dog  on  diet  A.  Marked  polyuria  (maximum  2100  cc. 
per  day)  and  peraistent  glycosuria  of  gradually  increasing  intensity  (maximum 
50  grama  per  day). 

July  23  to  28,  1917.  Dog  on  meat  diet.  Reduction  in  the  polyuria  (to  about 
one-third)  and  reduction  in  the  glycosuria  (to  about  one-fourth).  Weight  of 
dog  on  July  27,  9.2  kilos. 
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July  27  to  September  30,  1917.  Dog  on  diet  B.  PersisteDt  polyuria  and  gly- 
cosurU,  with  gr&dual  loes  of  weight.  Death  September  30.  Body  weight  5.6 
kilos.  Pancreas  remnant  3.4  grams.  Dog  extremely  emaciated,  with  skin  ulcers 
and  ooDJuncttvitia. 

This  dog  died  in  typical  diabetes  gravis,  despite  the  hypertrophy  of  the  pan- 
creatic remnant.  Marked  gastro'intestinal  disorders  developed  in  July,  and  were 
overcome  by  the  meat  diet  period. 

Dog  C.  Removed  IS.S  grams  pancreas  June  14, 1917.  Pancreas  remnant  esti- 
mated at  2.3  grams.    Weight  of  dog  7.5  kilos. 

June  15  to  21, 1917.    Dog  on  iMat  diet.    No  glycosuria. 

June  22  to  August  9,  1917.  DieU  A  and  B.  Polyuria  (maximum  1200  CC.  per 
<l^y)i  glycosuria  (maximum  30  grams  per  day)  and  progressive  emaciation. 
Death.  Weight  at  death,  5.4  kilos.  Pancrtaa  remnant,  2  grams  Pancreatic 
duct  patent.    Dog  had  skin  lesions  and  conjunctivitis. 

Dog  D.  Weight  5  kilos;  8  grams  of  pancreas  removed  June  5, 1917.  Pancreas 
remnant  estimated  1.5  grams.    Dog  had  enlarged  thyroid. 

June  5  to  24,  1917.  Meat  diet.  Trace  of  sugar  in  urine,  June  6  to  10.  Urine 
sugar-free  June  11  to  24. 

June  26  to  August  6,  1917.  Diet  A.  Polyuria  (maximum  880  Cc.  per  day)  and 
glycosuria  (maximum  35  grams  per  day),  and  gradual  loss  of  weight. 

August  7  to  9,  1917.    Starvation.    Urine  sugar-free  August  8  and  9. 

August  10  to  September  10, 1917.  Diet  A.  Diabetes  gravis.  Death.  Weight 
of  dog,  3.0  kilos.    Weight  of  pancreas  remnant,  1.8  grams. 

Dog  E.  Weight  5  kilos ;  21.2  grams  pancreas  removed  June  4, 1917.  Pancreas 
remnant  estimated  3.0  grams. 

June  15  to  22,  1917.     MeiU  diet.     No  glycosuria. 

Jime  23  to  August  I,  1917.  Diet  A.  Polyuria  (maximum  1000  cc.  per  day); 
glycosuria  (maximum  40  grams  per  day). 

August  2  to  7,  1917,  Starvation.  Keduction  of  polyuria  and  glycosuria. 
Urine  sugar-free  August  6,  7, 

August  8  to  16,  1917,  Diet  A.  Gastro-intestinal  disorders,  polyuria,  glyco- 
suria and  rapid  emaciation.  Death  in  coma.  Body  weight,  3.0  kilos.  Weight 
of  pancreas  remnant,  2  grams.     Skin  ulcers  and  conjunctivitis. 

Dog  F.  Weight  6.8  kilos;  24.3  grams  pancreas  removed  October  27,  1917. 
Remnant  of  pancreas  estimated  3.7  grams, 

October  28  to  November  2, 1917.  Diet  B.  No  polyuria,  but  glycosuria  (max- 
imum 5  grams  per  day). 

November  3  to  IS,  1917.    Meal  diet.    No  glycosuria. 

February  17  to  20, 1918.  Diet  B.  Glycosuria  (maximum  3  grams  per  day)  but 
no  polyuria. 

February  21  to  June  4,  1918.     Meat  diet.     No  glycosuria. 

June  6  to  9,  1918.  Diet  A.  Trace  of  sugar  in  urine  June  6  and  7,  (2,0  grams 
and  0.3  gram).  No  glycosuria  June  8  and  9.  Dog  in  fine  condition.  Experiment 
concluded.    Weight  of  dog,  8.8  kilos.    Weight  of  pancreas  remnant,  2.2  grams. 

Dog  Q.  Weight  6.7  kilos;  18,3  grams  pancreas  removed  March  7,  1918.  Pan- 
creas remnant  estimated  3.2  grams. 

March  8  to  15,  1918.    Meat  diet.    No  glycosuria, 

March  16  to  19,  1918.  Diet  A.  Glycosuria  (average  3  grams  per  day)  but  no 
polyuria. 
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March  20  to  June  4, 1918.    Meat  diet.    No  glycoiuria. 

June  fi  to  8, 1918.  Diet  A.  No  glycoBum.  Dog  in  fine  condition.  Experi- 
ments concluded.    Weight  of  dog,  8.8  kilos.    Weight  ot  pancreas  remnant,  6.8 

Dog  H.  Weight  6.7  kilos;  23.2  grams  pancreas  removed  February  24,  1918. 
Pancreas  remnant  estimated  3.2  grams. 

February  25  to  28, 1913.    Meat  diet.    No  glycosuria. 

February  29  to  March  3, 1918.  Diet  A.  Slight  polyuria  and  glycosuria  (aver- 
age 0.7  gram  sugar  per  day). 

March  4  to  May  23, 1918.    Meat  diet.    No  glycosuria. 

May  25  to  28, 1918.  Diet  A.  No  glycosuria.  Dog  in  fine  condition.  Experi- 
ment concluded.  Weight  ot  dog,  8.9  kilos.  Weight  of  pancreas  remnant,  7.7 
grams. 

Dog  I.  Weight  7.8  kilos;  22.4  grams  pancreas  removed  October  26,  1917. 
Pancreas  remnant  estimated,  3.1  grams. 

October27  to31,1917.     Meat  diet.     No  glycosuria. 

November  1  to  4,  1917.     Diet  B.     Slight  glycosuria  (2  grams  per  day). 

November  4  to  December  21, 1917.    Meat  diet.    No  glycosuria. 

December  22  to  24,  1917.    Diet  B.    Slight  glycosuria  (1.0  gram  per  day), 

December  26, 1917  to  February  5, 1918.  Meat  diet.  No  glycosuria.  Dog  died 
by  accident.    Body  weight,  6.4  kilos.    Weight  of  pancreas  remnant,  3.3  grams. 

COMMENTS   AND    CONCLTI8ION8 

1.  In  general,  our  results  Btipport  the  view  that  a  liberal  carbohydrate 
diet  tenda  to  change  diabetes  levis  into  diabetes  ^avis,  after  partial 
pancreatectomy  in  d<^9.  But  our  experiments  do  not  constitute  a 
clear  demonstration  of  this  thesis,  in  fact  they  are  not  much  more  con- 
clusive than  the  experiments  reported  earlier  by  Thiroloix,  and  by  Allen. 

It  seems  to  us  that  the  question  can  be  settled  by  the  statistical 
method  only,  using  a  great  many  animals  for  the  work,  because  of  the 
fact  that  one  cannot  predict  the  metabolic  course  of  any  one  animal  de- 
prived of  approximately  seven-eighths  of  the  pancreas.  When  a  con- 
siderably smaller  pancreas  remnant  is  left  the  dc^  passA  into  fatal  dia- 
betes irrespective  of  the  diet;  if  the  pancreas  remnant  is  somewhat  larger 
no  amount  of  forced  carbohydrate  feeding  induces  diabetes  gravis. 
And  since  the  functional  efficiency  of  the  pancreas  appears  to  vary  in 
different  dogs,  the  estimation,  by  weight,  of  the  optimum  pancreas  rem- 
nant for  the  solution  of  this  question  involves  a  large  and  variable  error. 

The  analogy  from  an  impaired  digestion  is  not  to  the  point.  It  is 
true  that  ingesting  certain  foods,  or  any  food  in  certain  amounts,  may 
aggravate  the  untoward  condition  of  an  alimentary  tract  whose  diges- 
tive juices  and  motor  power  are  much  below  normal,  but  this  is  not  due 
to  any  "overstrain"  of  the  digestive  glands,  or  of  the  gastnvintestinal 
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motor  mechamsms.    It  is  due  to  stasis,  bacterial  f  ennentation  and  putre- 
faction, and  to  abnormal  reflexes  evoked  from  an  hyperiiritable  gut. 

2.  The  view  of  oi^an  impairment  aa  a  direct  result  of  physiological 
"overstrain"  is  simple,  is  readily  strengthened  by  analogy,  and,  viewed 
with  little  or  no  critical  analysis,  appears  so  reasonable  that  it  is  being 
used  as  sufficient  explanation  of  results  in  physiology  and  medicine  to 
a  greater  extent  than  the  facts  warrant.  It  is  true  that  excessive  stimu- 
lation of  the  eye  or  the  ear  leads  to  degeneration  in  the  retinal  and 
cochlear  elements.  But  it  is  equally  true  that  surgical  removal  of  a 
large  percentage  of  such  glands  as  the  kidney,  the  thyroid,  etc.,  causes 
hypertrophy,  not  atrophy  of  the  gland  remnants,  imless  the  gland  rem- 
nant is  so  small  that  conditions  are  produced  in  the  body  which  are 
inimical  to  growth  and  repair  in  general.  The  facts  in  regard  to  the 
thyroid  gland  are  the  most  striking  in  this  connection.  When  one  at- 
tempts to  completely  extirpate  the  thyroid  in  young  animals  (rabbits, 
chickens),  it  frequently  happens  that  a  few  thyroid  cells  (less  than  ^ir 
part  of  the  gland)  are  left  in  situ.  These  few  cells  invariably  multiply 
up  to  a  point  where  the  gland  substance  meets  the  internal  needs  of  the 
animal.  We  must  assume  that  when  a  few  th>-roid  cells  are  called  on 
to  function  for  the  entire  thyroid  gland,  these  few  cells  are  being  greatly 
over-stimulated,  as  compared  to  the  normal.  Nevertheless  the  result 
is  hypertrophy,  not  atrophy. 

3.  When  the  functional  capacity  of  the  pancreas  remnant  is  too  small 
to  prevent  diabetes,  the  pancreas  remnant  undergoes  practically  no 
hypertrophy.  On  this  point  our  results  are  in  agreement  with  those  of 
previous  workers.  This  failure  to  hypertrophy  may  be  due  to  the  un- 
favorable influence  on  growth  in  general  of  the  diabetic  condition, 
rather  than  to  specific  "overstrain"  of  the  pancreas  remnant. 

4.  The  favorable  effects,  at  least  in  many  cases,  of  partial  starvation 
in  the  management  of  diabetic  patients  cannot  at  present  be  ascribed, 
in  whole  or  in  part,  to  relieving  an  impaired  (endocrine)  pancreas  from 
the  "overstrain"  of  ordinary  diets,  in  view  of  the  indications  from 
hmnan  and  comparative  physiology  that  starvation,  within  limits,  tends 
to  rejuvenate  tissues  in  general. 
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Id  making  records  of  simple  muscle  contractions  in  series  to  observe 
the  oncoming  of  fatigue  and  the  final  failure  of  response,  it  has  been 
ouBtomary  to  send  in  the  stimuli  at  uniform  intervals.  It  is  of  interest 
to  find  out  whether  muscles  thus  treated  give  a  better  or  a  poorer 
total  performance  than  symmetrical  muscles  stimulated  an  equal 
number  of  times  per  minute  but  with  quite  irregular  spacing  of  the 
contractions.  If  work  done  is  to  be  our  standard,  the  intervals  must 
in  no  case  be  so  short  as  to  cause  marked  summation. 

In  the  present  study  gastrocnemii  of  frc^  were  stimulated  directly. 
The  primary  current  was  made  and  broken  as  brass  brushes  trailed 
on  the  periphery  of  brass  discs  from  which  segments  had  been  cut. 
The  discs  were  revolved  by  a  motor,  make  shocks  were  excluded  by  an 
appropriate  device  and  breaks  delivered  to  the  muscle.  In  one  set 
of  discs  the  divisions  of  the  rim  were  equal ;  in  the  companion  set  they 
numbered  the  same  but  were  of  unequal  length.  In  a  typical  experi' 
ment  the  gastrocnemius  from  the  right  leg  might  be  stimulated  rhyth- 
mically and  its  fellow  from  the  left  leg  arhythmically.  Graphic  records 
(see  fig.  1)  were  made  and  the  comparative  accomplishment  measured 
with  a  work-adder.  The  frequency  of  stimulation  varied  from  14  to  56 
per  minute. 

A  tabulation  of  fifty  experiments,  in  each  of  which  two  symmetrical 
muscles  were  matched,  shows  no  significant  difference  between  the 
results  attained  in  the  two  types  of  trial.  In  solitary  cases,  differences 
in  the  figures  for  the  work  done  approached  25  per  cent  but  one  vuiety 
of  performance  was  favored  about  as  often  as  the  other.  Generally 
the  muscles  compared  registered  amounts  of  work  which  differed  by 
less  than  10  per  cent.  The  average  of  all  the  experiments  gave  the 
following  close  correspondence.  Work  done  by  50  muscles  stimulated 
at  regular  intervals,  4255  gram  centimeters;  by  50  muscles  stimulated 
at  irregular  intervals,  4276  gram  centimeters. 
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The  equality  noted  above  naturally  raises  the  question  of  voluntary 
contractions.  Can  one  do  more  work  with  a  weight  ergograph  when 
the  efforts  are  made  at  rigidly  uniform  intervab  or  when  the  inter- 
vening periods  are  alternately  long  and  short?  The  inquiry  has  pos- 
sible bearings  upon  industrial  fatigue.  In  a  series  of  contractions  we 
may  make  the  interval  2  seconds  throughout  or  it  may  be  alternately 
3  seconds  and  1  second.  Thirty  contractions  in  a  minute  will  be 
recorded  with  either  procedure.  We  may  group  them  in  other  and 
less  simple  ways,  making  three  or  four  efforts  in  quick  succession  and 
thus  earning  a  relatively  long  rest. 

The  cue  for  making  the  contractions  was  furnished  in  our  experi- 
ments by  the  appearance  from  behind  a  screen  of  vertical  lines  borne 
upon  the  surface  of  a  revolving  drum.  These  lines  presented  them- 
selves singly,  in  pairs,  in  threes  or  in  fours,  as  desired,  but  in  every 
case  the  number  for  a  revolution  of  the  drum  was  the  same.  The 
frequency  was  about  50  per  minute.  The  weight,  hfted  by  the  middle 
finger  of  the  right  hand  with  the  strap  on  the  distal  phalanx,  was  about 
2  kgm.  Sometimes  a  work-adder  was  connected  with  the  ei^t^aph 
but  the  total  number  of  lifts  accomplished  proved  to  be  a  satisfactory 
criterion. 

It  soon  became  obvious  that  more  work  can  be  done  when  long  and 
'  short  intervals  are  alternated  than  when  the  spacing  of  the  effori^  is 
uniform.  The  average  performance  for  12  trials  with  the  contractions 
in  pairs  exceeds  the  average  for  16  trials  with  the  contractions  evenly 
spaced  by  41  per  cent.  When  the  contractions  are  thrown  into  groups 
of  three  or  four  with  rest  periods  correspondingly  lengthened  there  is 
a  slight  additional  gain  (fig.  2). 

The  advantage  of  such  an  ordering  of  work  over  the  simple  rhythm 
appears  to  be  due  mainly  to  a  single  factor.  This  is  not,  as  might  be 
anticipated,  the  longer  rest  period  which  keeps  recurring;  it  is,  para- 
doxically, the  shorter  one.  The  facts  seem  to  be  as  follows:  When  a 
man  is  compelled  to  execute  a  contraction  quickly  in  order  to  be  ready 
for  the  next  one  in  its  turn  he  actually  draws  less  upon  his  muscular 
resources  than  he  would  if  he  "took  his  time."  There  is  an  element  in 
this  type  of  experiment  which  was  not  present  when  the  frog  muscle 
was  stimulated  by  single  shocks.  Voluntary  contractions  are  tetanic 
in  character  and  of  variable  duration.  The  economy  of  the  short, 
sharp  contraction  is  readily  demonstrated.  Given  2  seconds  in  which 
to  contract  and  relax,  one  may  devote  a  second  to  the  up-stroke  and 
use  the  other  for  the  return  or  it  may  be  possible  to  get  both  into  the 
first  second  and  have  the  remaining  half  of  the  time  for  complete 
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repose.  When  the  results  of  these  two  methods  were  compared  it 
was  fomid  that  the  first  plan  led  to  complete  fatigue  after  144  con- 
tractions while  the  second  did  not  exhaust  the  subject  in  300  lifts. 
It  is  reasonable  to  expect  a  postponement  of  fatigue  with  reduced 
periods  of  tetanization.  If  our  reasoning  is  correct  one  might  hope  to 
cultivate  a  snappy  way  of  executing  all  contractions  which  should  equalize 
his  rhythmic  and  arhythniic  records.  But  it  b  hard  to  provide  an 
incentive  bo  compelling  as  the  knowledge  that  a  given  movement  must 
be  finished  in  time  to  begin  another.  In  all  ergographic  studies  it 
must  be  important  to  attend  to  the  form  of  the  separate  curves  as 
they  appear  upon  a  rapidly  moving  surface.  This  matter  has  generally 
been  ignored.  There  are  probably  individual  pecuharities  and  it  is 
evident  in  our  own  cases  that  the  instinctive  mode  of  raising  the  weight 
is  not  the  best  attainable  from  the  standpoint  of  economy.  To  be 
hurried  to  a  certain  d^ree  proves  to  be  distinctly  advantageous. 
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In  order  to  determine  whether  changes  in  the  acid  base  equilibrium 
of  the  body  influence  renal  activity,  the  urea  excreting  capacity  of  the 
kidney  waa  measured  after  the  administration  of  acid  and  alkaline 
sodium  phosphate  salts.  These  substances  are  particularly  suitable 
for  this  purpose  since  the  same  work  is  imposed  on  the  kidney  in  the 
excretion  of  the  phosphate  radical,  and  the  only  essential  difference 
between  them  is  that  the  acid  phosphate  leads  to  a  shift  in  the  neu- 
trality equihbrium  toward  the  acid  side,  while  the  alkaline  phosphate 
has  the  opposite  effect.  Control  experiments  can  be  carried  out  with 
a  mixture  of  acid  and  alkaline  phosphate  of  neutral  reaction.  The 
degree  of  change  in  the  acid  base  balance  is  indicated  by  the  extent  of 
the  decrease  in  the  cajrbon  dioxide  combining  power  of  the  plasma 
after  acid  phosphate,  and  the  amount  of  increase  which  follows  the 
administration  of  alkaline  phosphate. 

The  ratio  between  the  urea  content  of  the  urine  and  of  the  blood  was 
taken  as  the  measure  of  the  urea  excreting  activity  of  the  kidney. 
The  methods  and  the  technique  employed  by  Addis,  Bamett  and 
Shevky  (1)  were  followed,  involving  the  collection  of  four  successive 
samples  of  urine  and  of  blood  over  a  period  of  five  hours.  Five  grams 
of  urea  were  given  with  the  phosphate  in  order  that  variations  in  the 
ratio  arising  from  other  causes  than  alterations  in  the  neutrahty  equi- 
librium should  as  far  as  possible  be  diminished  (2).  The  carbon  dioxide 
combining  power  of  the  plasma  and  the  H-ion  concentration  of  the 
urine  were  determined  during  each  of  the  four  periods  of  the  test. 
Van  Slyke,  Stilbnan  and  Cullen's  (3)  titration  method  was  used  for  the 
plasma  carbon  dioxide,  after  a  parallel  series  of  experiments  had  shown 
that  in  rabbit's  plasma  essentially  the  same  results  were  obtained  by 
this  method  as  by  the  direct  evacuation  and  measurement  of  the  carbon 
dioxide.  Henderson  and  Palmer's  method  (4)  was  used  in  determin- 
ing the  acidity  or  alkalinity  of  the  urine,  except  that  1  cc.  instead  of 
10  cc.  of  urine  was  taken. 
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It  was  intended  that  the  control  and  the  acid  and  alkaline  experi- 
mente  should  be  carried  through  on  a  group  of  twenty  rabbits,  but 
five  of  the  twenty  died  before  all  the  experiments  had  been  completed. 
On  each  of  the  remaining  fifteen  n-ni'mRlH  all  the  experiments  described 
in  this  and  in  the  succeeding  paper  were  performed  and  since  the  com- 
parison of  the  effects  of  the  various  substances  given  is  facilitated  by 
dealii^  only  with  this  uniform  group  of  fifteen,  the  partial  results 
obtained  on  the  other  five  are  excluded. 

In  order  that  the  increase  of  work  thrown  on  the  kidney  in  the  excre- 
tion of  phosphate  should  be  as  far  as  possible  the  same,  the  amounts 
of  neutral,  acid  and  alkaline  phosphates  given  were  adjusted  so  that 
they  contained  an  equal  number  of  phosphate  radicals.  It  is  of  course 
true  that  this  fact  does  not  allow  us  to  assume  that  there  was  an  equal 


Ejfect  of  neutral,  acid  and  alkaline  phogphale  on  the  ratio: 


'  Urea  in  100  cc.  of  bi 
after  the  adrniniUration  of  urea 
Averages  of  all  periods  from  experiment  on  a  group  of  fifteen  rabbite 


■CBBTAHCl!  OIVBM 

CO,* 

oTSSTk". 

pH 

"^I'-.l" 

BLOOD 

..„. 

52 
39 
56 

22 
15 
20 

6.7 
5.9 

6.8 

499 
299 

479 

161 
158 
157 

Alkaline  phosphate 

3.04 

absorption  of  phosphate  from  the  intestine.  But  Underbill  and  Bogert 
(5)  were  unable  to  distii^uish  any  difference  between  the  d^ree  of 
increase  in  phosphate  excretion  in  the  urine  produced  by  the  subcu- 
taneous injections  into  rabbits  of  acid  as  opposed  to  alkaline  sodium 
phosphate.  Phosphate  estimations  in  the  urine  in  our  experiments 
would  not  have  been  decisive,  since  we  have  no  means  of  distinguish- 
ing between  changes  in  excretion  due  to  variations  in  the  rate  of  absorp- 
tion and  those  due  to  variations  in  the  phosphate  excreting  activity  of 
the  kidney.  Only  the  subcutaneous  or  intravenous  injection  of  the 
salts  would  have  removed  all  doubt  in  regard  to  this  point,  but  such 
operative  procedures  introduce  so  many  variable  factors,  that  the 
interpretation  of  the  effect  on  renal  function  is  apt  to  be  obscured. 

For  the  control  experiments  a  mixture  of  0.5  gram  NaHaPOi,  4HjO 
and  2.32  grams  NaiHP04,  2HiO  was  made.    The  pH  of  this  mixture 
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in  solution  was  7.48.  In  the  acid  experiments  3  grams  of  NaHjPOt, 
4HtO  were  given  and  in  the  alkaline  2.81  grams  of  NaiBPOi,  2HiO. 
In  all  cases  5  grams  of  urea  were  added  to  these  salts  and  the  whole 
diluted  to  35  cc,  with  water  and  administered  through  a  stomach 
tube  juet  before  the  bladder  was  emptied  by  catheter  at  the  commence- 
ment of  the  collection  of  the  first  hour's  urine.  Although  these  are 
large  amounts  of  phosphate  no  effect  on  intestinal  excretion  was 
observed. 

TABLE  I 

„„        .  ,       .  ,  Ureainonehow'e  urine 

Effect  of  neiUral,  aad  and  alkaline  pho»pkale  on  the  ralto: 


after  the  adminUtration  oj  urea 
Averages  of  »eparale  period) 


'  Urea  in  tOQ  ee.  of  blood 


1.  Neutral  phosphate.    Cootrol  experimenta 


tai.  par- too 

«. 

^«j^ 

Ts«r 

1 

48 

22 

7.2 

388 

144 

2.68 

2 

52 

24 

6.6 

562 

171 

3.26 

3 

65 

17 

6.8 

571 

168 

3,41 

4 

« 

23 

6.3 

474 

160 

2.99 

2.  Acid  pboephate 


1 

41 

0 

6.3 

160 

116 

1.30 

2 

38 

10 

5.9 

276 

156 

1.76 

3 

37 

15 

5.7 

404 

181 

2,27 

4 

39 

24 

5.6 

356 

177 

2,02 

3.  Alkaline  phosphate 


1 

50 

17 

7.3 

341 

131 

2.60 

2 

56 

21 

6.8 

517 

168 

3.07 

3 

60 

18 

6,7 

580 

163 

3.55 

4 

59 

22 

6,5 

480 

157 

3.07 

The  average  results  obtained  by  combining  the  four  observations 
made  on  each  of  the  fifteen  rabbits  are  given  in  table  1. 

A  more  detailed  conception  of  the  effect  of  acid  and  alkaline  pboa- 
phate  can  be  obtained  from  the  average  four  periods  shown  in  table  2 
and  charted  in  figure  1.  The  data  from  which  these  averages  were 
obtained  are  given  in  tables  3,  4  and  5. 
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These  figures  show  that  the  shift  in  the  neutrality  equilibrium  toward 
the  acid  aide  indicated  by  a  reduction  in  the  carbon  dioxide  combining 
capacity  of  the  plasma  from  52.4  to  38.7  volumes  per  cent  is  accom- 
panied by  a  distinct  decrease  in  the  urea  excreting  activity  of  the 

TABLE  I 

Control  experiments  (neulrat  phosphate) 


pCTiirf 

«. 

"tl^r'^ 

"fsjr 

1 

50.5 

25.0 

7.4 

340 

129 

2.63 

2 

52.3 

16.0 

7.4 

425 

165 

2.57 

3 

47.0 

14.0 

7.5 

240 

117 

2.05 

4 

fiO.2 

19.0 

7-5 

400 

150 

2.67 

5 

48.0 

29.0 

7.4 

447 

126 

3.56 

0 

54.5 

20.5 

7.6 

285 

123 

2,32 

10 

22.5 

7.0 

531 

192 

2,77 

11 

46.8 

20.0 

6.3 

266 

153 

1.74 

12 

49-3 

38.0 

7.2 

570 

165 

3.45 

13 

44.0. 

21.0 

7-0 

531 

150 

3.64 

14 

54.6 

47,0 

8.0 

301 

129 

2.33 

15 

40.4 

15,0 

6.9 

374 

114 

3.37 

16 

45.8 

26.0 

7,4 

494 

162 

3,05 

19 

45-5 

16.0 

7.4 

375 

177 

2.12 

20 

43.5 

8.0 

6.3 

242 

111 

2,18 

1 

52,5 

24.5 

6.3 

540 

156 

3.46 

2 

51,8 

21.0 

6,7 

598 

195 

3.07 

3 

49.4 

19.0 

6,9 

390 

150 

2.60 

4 

63.2 

18.0 

7,4 

475 

189 

2.51 

5 

56.1 

28.0 

6,3 

544 

159 

3.42 

9 

51.8 

15.0 

7,4 

286 

160 

1.90 

10 

51,9 

24,0 

6,3 

730 

213 

3,43 

11 

53.8 

29.0 

6,0 

564 

186 

3.03 

12 

53.4 

27,0 

6.3 

631 

180 

3.51 

13 

56,0 

23,0 

6,3 

740 

174 

4.25 

14 

57,0 

28,0 

7.0 

460 

153 

3.01 

16 

50,3 

18,0 

6,3 

603 

165 

3.66 

16 

64,3 

38,0 

7.4 

621 

162 

3.83 

19 

50,2 

16.0 

6,7 

620 

186 

3.33 

20 

44.8 

24.0 

6,3 

634 

168 

3,78 
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Ml.  fwr«m 

«. 

"T."" 

IS-J" 

1 

55.0 

17.0 

6.3 

541 

147 

3.68 

2 

50.0 

16.0 

6.3 

659 

180 

3.66 

3 

51 .« 

20.0 

6.3 

620 

160 

3.33 

4 

66.4 

18.0 

7.0 

554 

190 

2.83 

5 

60.2 

16.0 

6.3 

49* 

160 

3.29 

9 

50.6 

18.0 

7.0 

475 

168 

2.83 

10 

61.2 

15.0 

6.3 

681 

192 

3.66 

11 

65.5 

24.0 

6.0 

546 

in 

3.00 

12 

59.1 

14.0 

6.3 

518 

169 

3.28 

13 

87.0 

20.0 

6.3 

749 

168 

4.4fl 

14 

57.0 

21.0 

6.0 

630 

171 

3.10 

16 

48.0 

11.0 

6.0 

508 

153 

3.32 

10 

68.5 

15.0 

7.0 

529 

Iffii 

3.27 

19 

64.7 

13.0 

6.3 

599 

171 

3.60 

20 

66.5 

22.S 

5.9 

660 

168 

3.93 

1 

55,0 

22.0 

6.0 

413 

135 

3,06 

2 

49.2 

19.0 

6,3 

470 

177 

2.65 

3 

56,0 

26.0 

6.3 

463 

166 

2,90 

4 

60,8 

26.0 

6.7 

505 

192 

2.63 

6 

59,0 

19.0 

6.0 

359 

153 

2.35 

9 

66.0 

26.0 

7-0 

471 

150 

3.U 

10 

61.6 

20,0 

6-3 

509 

183 

2,78 

11 

64.6 

38.0 

6,0 

460 

171 

2.69 

12 

64,8 

20.0 

6,3 

426 

141 

3.01 

13 

56.8 

23,0 

6,3 

685 

141 

3.98 

14 

50.2 

35.0 

6,3 

446 

174 

2,86 

15 

45.8 

16.5 

6,0 

504 

163 

3.29 

16 

64,3 

17.6 

6.7 

469 

147 

3,19 

19 

64.7 

18,0 

6,3 

637 

166 

3,26 

20 

56,9 

21,0 

6.0 

510 

160 

3,40 

kidney.  The  urea  concentration  of  the  blood  is  almost  the  same  yet 
499  mgm.  of  urea  per  hour  are  excreted  after  neutral  phosphate,  and 
only  290  mgm.  per  hour  after  acid  phosphate.  The  average  ratio 
between  the  urea  content  of  the  urine  and  the  blood  is  thus  reduced 
from  3.08  to  1.86.     This  is  a  difference  which  is  much  greater  than  any 
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which  could  have  arisea  by  chance.  In  the  four  periods  the  ratios 
after  acid  phosphate  are  less  than  the  ratios  in  the  control  experiments 
by  amounts  which  are  respectively  9.9,  11.2,  7.5  and  8.7  times  greater 
than  the  "probable  differences  between  the  averages"  (6). 

TABLE  4 

Experiments  with  and  phosphate 


»l.|»rc«W 

«. 

«f«j»r 

-jsr 

1 

44.6 

8.5 

e.o 

134 

108 

1.24 

2 

36.6 

11.0 

6.3 

296 

129 

2.29 

3 

42.6 

8.0 

6.3 

176 

102 

1.72 

4 

47.3 

8.6 

6.0 

135 

120 

1.13 

5 

42.0 

16.0 

6.0 

263 

105 

2.50 

9 

42.6 

8.0 

6.7 

120 

135 

0.89 

10 

44.5 

6.0 

7.4 

S6 

105 

0.84 

11 

33.1 

7.0 

5.0 

96 

75 

1.28 

12 

36.6 

9.0 

6.0 

250 

138 

1.81 

13 

51.5 

12.0 

7.0 

234 

150 

1.65 

14 

40.4 

9.0 

6.0 

134 

111 

1.21 

15 

31.7 

6.0 

5.7 

114 

93 

1.23 

16 

37.8 

8.5 

6.3 

180 

132 

1.36 

19 

41.1 

4.5 

7,4 

71 

126 

0.56 

20 

44.6 

8.0 

6.0 

118 

105 

1.13 

1 

30,0 

SO 

5.7 

261 

153 

1.71 

2 

37.2 

12.0 

6,3 

405 

156 

2.60 

3 

38.1 

9.0 

6.3 

237 

132 

1.79 

4 

32.7 

8,5 

6,0 

210 

165 

1.27 

5 

41.0 

11.0 

6,0 

299 

141 

2.12 

9 

40.3 

6.5 

6.3 

227 

177 

1.28 

10 

40.3 

13.0 

6,3 

279 

147 

1.90 

11 

32.7 

6.0 

4,7 

120 

126 

0.95 

12 

35.8 

13,0 

5,7 

428 

171 

2,50 

13 

49.1 

14.0 

6,0 

370 

189 

1.98 

14 

38.9 

4.0 

6,0 

177 

174 

1.02 

16 

31.3 

7.0 

6,0 

245 

135 

1,81 

16 

40.0 

20.0 

6,0 

310 

Iffi 

1,92 

19 

37.5 

9.0 

6,0 

204 

162 

1,26 

20 

44.6 

9.0 

5,5 

370 

156 

2,37 
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•el.tWTMid 

«. 

•TiT' 

"fsr 

I 

35,4 

15.0 

5.7 

290 

171 

1.75 

2 

37.4 

16,6 

6.4 

664 

IK 

3,48 

3 

26.3 

9.6 

6.3 

256 

144 

1,77 

4 

34.9 

IS.O 

6.0 

193 

177 

1.12 

5 

42.5 

17.0 

5.5 

426 

163 

2.78 

» 

38.6 

9.0 

9.3 

306 

237 

1.29 

10 

36.6 

15.0 

6,2 

417 

195 

2.14 

11 

34.6 

26.0 

4.7 

6B3 

162 

3.60 

12 

36.8 

17.0 

5.3 

635 

189 

2.83 

13 

47.0 

18.0 

6.0 

651 

201 

2.74 

14 

42.6 

9,0 

5,2 

368 

216 

1.66 

15 

30.8 

9.0 

6.7 

331 

150 

2.21 

16 

36.4 

22.5 

6.0 

443 

216 

2.05 

19 

36.6 

12.8 

5.7 

282 

183 

1.54 

20 

40.2 

15.0 

5,3 

605 

166 

3.06 

I 

37.5 

29.0 

5.5 

205 

189 

1.09 

2 

37.9 

24.5 

5.6 

456 

159 

2.86 

3 

39.4 

30.0 

5.7 

349 

147 

2.38 

4 

37.4 

14.0 

6.7 

187 

174 

1.07 

5 

41.5 

44.0 

5.0 

390 

165 

2.36 

9 

37.2 

16.0 

6.0 

337 

195 

1.73 

10 

44.8 

2S.0 

6.0 

318 

ISO 

1.77 

11 

35.8 

33.0 

4.7 

424 

183 

2.32 

12 

37.0 

16.0 

6.7 

284 

174 

1.63 

13 

46.0 

23.0 

6.0 

480 

186 

2.G8 

14 

42.0 

23.0 

5.7 

456 

213 

2.14 

15 

35.7 

21.5 

6.8 

340 

161 

2.10 

16 

38.9 

14.0 

5.7 

396 

180 

2.20 

19 

37.5 

26.5 

6.6 

312 

180 

1.73 

20 

42.6 

22.0 

6.3 

398 

165 

2.41 

On  the  other  hand  it  is  equally  plain  from  the  results  shown  in  tables 
1  and  2  that  the  alkaline  phosphate  had  no  appreciable  effect  on  the 
urea  excreting  activity  of  the  kidney.  The  slight  and  irregular  differ- 
ences between  the  ratios  of  the  control  and  alkaline  phosphate  experi- 
ments might  well  be  due  to  chance.    But  it  will  be  noted  that  the  car- 
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bon  dioxide  content  of  the  plasma  is  only  slightly  increased.  On 
account  of  the  lesser  solubility  of  the  Valine  phosphate  it  was  impos- 
sible to  give  a  quantity  which  would  markedly  change  the  balance 
toward  the  alkaline  side.    All  that  can  be  said  is  thB.t  an  increase  in 

TABLE  I 

Experiment!  imth  alkaline  phosphaU 


fol.jxronl 

c«. 

-^as^r 

"iSiST 

1 

61 .« 

26.0 

7.0 

us 

ISO 

2.97 

2 

S6.6 

15.5 

8.0 

424 

150 

2.83 

3 

82.3 

14.0 

7.7 

288 

132 

2.18 

4 

58.5 

22.5 

8.0 

339 

146 

2.35 

5 

47.0 

13.6 

7.0 

367 

126 

2.91 

0 

50.0 

le.o 

7.7 

350 

168 

2.12 

10 

55.0 

27.0 

7.7 

520 

156 

3,33 

n 

51.8 

7.0 

6.7 

165 

60 

2.76 

12 

55.8 

20.0 

7.4 

409 

166 

2.84 

13 

44.8 

18.0 

6.7 

400 

120 

3.33 

14 

53.6 

16.0 

7.4 

231 

111 

2.08 

15 

45.0 

18.0 

7.0 

380 

165 

2,30 

16 

48.2 

18.0 

7.4 

ISO 

.  69 

2.61 

19 

41.5 

13.6 

7.4 

350 

147 

2.38 

20 

40.3 

n.o 

6.7 

208 

132 

2,03 

1 

59,0 

27.5 

5,7 

566 

177 

3,20 

2 

60.9 

23.0 

8,0 

495 

165 

3,00 

3 

69.0 

22.6 

7.0 

504 

160 

3.17 

4 

58.6 

23,0 

7.4 

410 

165 

2.49 

6 

50.5 

16,0 

6.0 

504 

165 

3.05 

0 

58,1 

18.0 

7,0 

509 

177 

2.68 

10 

56.9 

20.5 

7,7 

455 

183 

2.49 

11 

54.5 

18,0 

6.3 

680 

177 

3.28 

12 

61.8 

25.5 

7.0 

690 

168 

4.11 

13 

60.2 

20.0 

6.9 

670 

156 

4.29 

14 

49.2 

9.5 

7.0 

350 

141 

2.48 

15 

60.0 

18.0 

6.3 

610 

183 

2.79 

16 

63,8 

33.0 

7.0 

393 

162 

2.42 

19 

63,6 

19.5 

6,7 

510 

177 

2.88 

20 

50,5 

20,0 

6.3 

608 

171 

3.55 
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TABLE  i-Cmd^ifi 


»l.|Mr«ii< 

M. 

'TCii?*' 

f5,r 

I 

63.6 

21.0 

6.7 

631 

156 

4.05 

2 

67.0 

19. 0 

7.4 

566 

159 

3.56 

3 

58.1 

16.0 

7.0 

508 

153 

3.32 

4 

88.1 

29.0 

7.4 

666 

169 

3.49 

6 

M.4 

14.8 

5.7 

580 

156 

3.72 

9 

eo.o 

IS.O 

7.0 

520 

165 

3.15 

10 

66.7 

19.0 

7,4 

580 

183 

3.17 

11 

60.2 

19,0 

6,3 

706 

183 

3.86 

12 

67.0 

17,0 

7.0 

720 

177 

4.07 

13 

66.2 

16.0 

6.9 

710 

159 

4.46 

14 

48.4 

14.0 

6.7 

420 

ISO 

2.80 

IS 

£3.3 

15.5 

6,3 

573 

147 

3.90 

le 

00.2 

15,0 

6.7 

698 

m 

3.38 

10 

60,5 

20.0 

6.3 

472 

168 

2.81 

20 

61.2 

14.5 

6.3 

655 

169 

3.49 

1 

64.3 

20.0 

6.3 

405 

150 

2.70 

2 

82.5 

23.0 

7.0 

530 

150 

3.53 

3 

58.1 

23.0 

6.7 

465 

156 

2.92 

4 

67.2 

25.0 

7.0 

497 

171 

2.91 

5 

62.5 

18.0 

6.0 

530 

153 

3.46 

9 

56.0 

18.0 

6.7 

454 

153 

2.97 

10 

48.3 

24,0 

7.0 

432 

174 

2.48 

11 

66.7 

28.0 

6.3 

686 

169 

3.68 

12 

65.8 

20.0 

6.3 

436 

141 

3.09 

13 

66.2 

24.0 

6.9 

540 

141 

3.83 

14 

48.0 

33.5 

6.3 

456 

ISO 

3.03 

15 

46.0 

17.5 

6.3 

440 

162 

2.72 

16 

64.6 

24.0 

6.3 

870 

183 

3.12 

19 

67.0 

19.0 

6.3 

386 

153 

2.54 

20 

56.6 

19,0 

6.0 

476 

153 

3.11 

carbon  dioxide  combining  power  of  from  52,4  to  56.3  volumes  per  txai 
produced  by  the  administration  of  alkaline  phosphate  has  no  definite 
influence  on  renal  activity. 

By  giving  sodium  bicarbonate  it  is  possible  to  produce  a  change 
toward  the  alkaline  side  as  marked  as  the  chaise  toward  acidity. 
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induced  by  acid  phosphate.  The  conditions  of  the  experiment  are  not 
so  uniform  since  the  kidney  is  under  different  conditions  in  excreting 
an  excess  of  neutral  phosphate  and  an  excess  of  sodium  bicarbonate, 
but  we  believe  the  experiment  is  of  value  in  judging  the  probable 
general  effect  of  a  pronounced  increase  in  the  potential  alkalinity  of  the 
plasma.  The  same  group  of  fifteen  rabbits  was  given  3  grams  KaHCOi 
dissolved  with  5  grams  of  urea  in  35  cc.  of  water.    The  average  results 


Efftct  of  sodium  biearbtmate  on  the  ratio: 


TABLE  « 

Ureai, 


■  Urea  <n  100  ee.  of  blood 
iilration  of  urea 
Averages  of  alt  periodi  from  experimenti  on  a  group  of  fifteen  r(Abit» 


^.co. 

"^^K%" 

PH  OF  UB.M. 

™.....«,K. 

^„^. 

B.«0 

73 

26 

8.4 

461 

n,B..pn-Il»«. 

159 

2.91 

Effect  of  lodivm  bicarbonate  on  ttu  ratioi 


TABLE  T 


Urea  in  100  cc. 
ietration  of  urea 
Averagee  of  teparate  periods 


,^o. 

PL*M*CO, 

'T.sr,'" 

"Sh. 

7i^ir 

UU<  IN 

uno 

lal.jHrlOO 

■urn  vtr 

■Mill    JUT 

1 

67 

28 

8.0 

390 

144 

2.73 

2 

73 

28 

8.4 

482 

164 

2.96 

3 

74 

23 

8.6 

525 

167 

3.12 

4 

76 

26 

8.6 

448 

161 

2.82 

are  compared  with  the  neutral  phosphate  controls  in  taldes  6  and  7 
and  charted  in  figure  2.     The  details  are  given  in  table  8. 

Under  the  conditions  of  this  experiment  a  marked  shift  toward  alka- 
linity is  associated  with  a  slight  decrease  in  the  urea  excreting  activity 
of  the  kidney.  With  almost  the  same  urea  concentration  of  the  blood 
499  mgm,  of  urea  per  hour  are  excreted  after  neutral  phosphate  and 
461  mgm.  per  hour  after  sodium  bicarbonate,  a  ratio  of  3.1  is  reduced 
to  2.9.  In  the  first  period  the  ratios  are  practically  identical,  but  in 
the  succeedii^  periods  when  the  greatest  effect  on  the  carbon  dioxide 
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combining  poww  of  the  plasma  ia  produced  the  ratios  after  bicarbo- 
Dste  are  less  than  the  corresponding  control  ratios  by  amounts  which 
are  respectively  2.0,  2.5  and  1.7  times  larger  than  the  probable  differ- 
ences. Although  the  decrease  in  none  of  the  periods  separately  is 
enough  to  exclude  chance,  yet  taken  together  they  make  it  improbable 
that  the  divei^ence  is  not  due  to  a  specific  difference  in  the  effects  of 
the  neutral  phosphate  and  the  bicarbonate.  It  cannot  with  certtunty 
be  said  that  this  difference  is  due  to  the  fact  that  the  one  is  neutral  and 
that  the  other  is  alkaline,  but  the  demonstration  that  acid  phosphate 
depresses  renal  function  on  account  of  its  acidity  lends  support  to  that 
interpretation. 

I  am  indebted  to  Dr.  T.  Addis  and  Mr.  A.  E,  Shevky  for  suggesting 
work  on  this  subject. 


Fig.  2.  Showing  the  eSect  of  sodium  bicarbonate. 
coNci-naiGNS 

I.  The  urea  excreting  activity  of  the  kidney  under  strain  was  meas- 
ured after  the  administration  of  a  mixture  of  acid  and  alkaline  phos- 
phate of  neutral  reaction,  and  also  after  the  administration  of  an 
amount  of  acid  phosphate  containing  the  same  amount  of  phosphorus. 
A  distinct  decrease  in  function  was  observed  after  acid  phosphate. 
Since  the  only  essential  difference  in  the  conditions  of  these  experi- 
ments lay  in  the  fact  that  after  the  neutral  phosphate  mixture  the  acid 
base  equilibrium  remained  unchanged,  whereas  after  acid  phosphate 
there  was  a  shift  toward  the  acid  side,  it  ia  concluded  that  the  decrease 
in  the  alkalinity  of  the  plasma  induced  by  an  increase  in  the  amount  of 
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aoid  phosphate  within  the  body,  decreases  the  urea  excreting  activity 
of  the  Jddney. 

2.  The  adminiatratioQ  of  an  amount  of  alkaline  phosphate  contain- 
ing an  amount  of  phosphorus  equivalent  to  that  given  in  the  experi- 

TABLE« 

ExptrimenlM  un'lA  todiwt  biearbonale 


wtt.ptTcmt 

«. 

"XT 

iss-^ 

1 

69.7 

27.0 

7.4 

430 

168 

2.56 

2 

64.7 

30.0 

8.7 

347 

1% 

2.76 

3 

77.3 

42.0 

8.7 

350 

144 

2,43 

4 

69.4 

32.0 

8.0 

4S3 

126 

3.84 

6 

64.9 

46.0 

8.0 

660 

135 

4.15 

9 

78.0 

25.0 

8.7 

359 

177 

2.03 

10 

74.0 

16.0 

8.7 

350 

183 

1.91 

11 

47.0 

7.5 

7.2 

104 

72 

1.44 

12 

88.0 

19,0 

8.4 

365 

126 

2.90 

13 

85.0 

16.6 

8.0 

467 

129 

3.62 

14 

60.2 

63.0 

7.6 

518 

186 

2.78 

16 

64.8 

41,0 

8.0 

492 

171 

2.88 

16 

60.2 

30.0 

8.0 

394 

144 

2.74 

19 

64.0 

14.0 

7.4 

293 

144 

2.04 

20 

71.0 

16.0 

7.2 

345 

123 

2.80 

1 

72.0 

23.0 

8 

0      494 

ITT 

2.79 

2 

86.1 

44.0 

8 

7      473 

147 

3.22 

3 

72.9 

28.0 

8 

7      489 

171 

2.86 

4 

62.7 

18.0 

8 

7      267 

141 

1.89 

6 

69.1 

33,0 

8 

0      665 

153 

4.28 

9 

84.0 

23,0 

a 

7      465 

198 

2.35 

10 

87.1 

20.0 

8 

7      473 

192 

2.46 

11 

68.2 

12.0 

8 

5      396 

123 

3.22 

12 

78.2 

36.0 

8 

4      537 

180 

2.98 

13 

69.0 

36.0 

8 

4      465 

132 

3.82 

14 

70.8 

28,0 

8 

7      465 

186 

2.50 

16 

78.1 

33.0 

8 

4      620 

186 

3.38 

16 

71.5 

«.5 

a 

4      455 

162 

2.81 

19 

68.0 

16.5 

8 

4      460 

169 

2.83 

20 

73.8 

20.5 

7 

4      613 

156 

3.29 
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Nl.l>trMia 

«. 

"^Ci?" 

"ssr 

70.0 

21.0 

8.7 

600 

189 

3.18 

64.7 

30.0 

8.7 

347 

126 

2.76 

72.9 

28.0 

8.7 

489 

171 

2.86 

69.4 

15.0 

8.7 

399 

141 

2.83 

78.2 

16.0 

8.7 

689 

150 

2.79 

80.5 

22.0 

8.7 

658 

180 

3.10 

10 

86.0 

16.0 

8.7 

467 

204 

2.29 

11 

62.0 

18.0 

8.7 

416 

114 

3.65 

12 

79.0 

20.0 

8.4 

685 

171 

3.42 

13 

76.0 

27.0 

8.4 

643 

150 

3.62 

14 

73.0 

21.0 

8.7 

633 

207 

2.58 

IS 

74.5 

15.5 

8.7 

606 

174 

2.90 

18 

79.0 

27.0 

8.7 

646 

189 

3.42 

19 

67.1 

16.5 

8.7 

526 

168 

3.13 

20 

82.5 

53.6 

8.0 

674 

160 

4.24 

1 

71.6 

29.5 

8 

0      498 

168 

2.96 

2 

79.3 

21.0 

8 

7      853 

141 

2.51 

3 

75.0 

30.0 

8 

7      435 

166 

2.79 

4 

73.9 

23.0 

H 

7      342 

129 

2.65 

5 

72.1 

15.0 

8 

2      439 

144 

3.05 

9 

74.0 

22.5 

8 

7      419 

183 

2.29 

10 

79.0 

23.0 

8 

7      486 

198 

2.46 

11 

62.0 

18.0 

8 

7      416 

114 

3.65 

12 

60.5 

27.5 

8 

7      501 

153 

3.27 

13 

72.8 

30.0 

S 

7      630 

160 

3.31 

14 

82.1 

23.0 

8 

7      404 

195 

2.07 

15 

78.5 

19.0 

8 

7      420 

162 

2.59 

16 

80.6 

32.0 

R 

7      485 

180 

2.70 

19 

71.2 

18.0 

8 

7      417 

168 

2.48 

20 

80.6 

S4.0 

S 

4      G80 

168 

3.45 

ments  with  neutral  and  acid  phosphates,  only  slightly  increased  the 
aUcalinity  of  the  plasma  and  had  no  appreciable  effect  on  renal  function. 
3.  The  administration  of  amounts  of  sodium  bicarbonate  which 
markedly  increased  the  alkalinity  of  the  plasma  was  accompanied  by  a 
alight  decrease  in  the  urea  excreting  activity  of  the  kidney. 
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The  quantity  of  5  grams  of  urea  given  in  tiie  experiments  on  rabbits 
detailed  in  the  preceding  paper  increases  the  blood  urea  concentration 
to  an  abnormally  high  level.  The  kidney  responds  with  a  rate  of  work 
in  urea  excretion  considerably  higher  than  any  required  under  phy- 
siolc^cal  conditions.  And  when,  as  in  the  above  experiments,  there 
is  at  the  same  time  a  pronounced  increase  in  the  amount  of  phosphates, 
another  strain,  also  exceeding  in  extent  any  previously  experienced, 
is  suddenly  thrown  on  the  excretory  capacity  of  the  kidneys.  Under 
these  conditions  it  is  of  interest  to  determine  whether  the  urea  excreting 
capacity  is  altered  on  account  of  the  simultaneous  increase  in  phosphate 
elimination. 

It  has  been  shown  (1)  that  a  moderate  increase  in  the  urea  content 
of  the  blood  is  followed  by  a  proportionally  greater  increase  in  the  urea 
content  of  the  urine.  Evidence  has  been  given  that  this  increase  in 
excretory  activity  is  brought  about  through  the  intervention  of  extra- 
renal factors  imder  the  control  of  the  nervous  system,  which  are  able 
to  augment  the  effectiveness  of  the  anatomical  mechanism  concerned 
with  urea  excretion  (2).  But  there  is  a  limit  to  the  action  of  these 
compensatory  factors,  for  with  a  continued  increase  in  blood  urea 
concentration,  the  ratio  between  the  urea  content  of  the  urine  and  of 
the  blood  increaaes  more  and  more  slowly.  After  a  level  of  150  mgm. 
of  iu*ea  per  100  cc.  of  blood  is  reached,  there  is  very  little  change  in 
the  ratio,  and  there  is  a  definite  decrease  at  concentrations  above  225 
mgm.  per  100  cc.  At  the  point  at  which  the  ratio  ceases  to  increase, 
the  rate  of  urea  excretion  has  attained  its  maximirai ;  any  call  for  further 
work  in  the  form  of  a  still  greater  increase  in  the  urea  content  of  the 
blood  is  unavailing  and  leads  only  to  a  decrease  in  the  ratio.  Under 
these  conditions  the  kidney  becomes  insufficient  because  the  struo- 
tural  mechanism  underlying  urea  excretion  has  already  attained  its 
fullest  capacity  for  work  (3). 
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In  this  paper  the  ratio  after  5  grama  of  urea  is  compared  with  the 
ratio  after  5  grams  of  urea  given  with  a  neutral  mixture  of  acid  and 
alkaline  sodimn  phosphate.  In  both  experiments  the  blood  urea  con- 
centration rose  after  the  first  period  to  levels  between  180  and  175 


Compari»on  of  the  tfftet  of 

n  th*  ratio: 


alon«  and  of  wea  gimn  with  neutral  pkoaphalt 
Urea  in  one  Aour't  urtn« 


Urta  in  100  ee.  of  blood 

snwTAHGi  atrmn 

coT* 

^«A 

owSSk. 

UBmi 

«"iE^ 

^™ 

61 
Si 

20 
22 

6.3 
6.7 

490 

16* 
161 

3.00 

Cotapariton  of  the  effect  of 


area  alona  antf  of  ur«a  given  vrilh  neutral  phoiphat»  oi 

Urea  in  one  hovr's  urine 
'■'*"■  Urea  in  100  ce.  of  blood 
Averagee  of  aeparate  period* 


'    I  pHoi 


I   .„ 


^.p^m«. 

«. 

■•tiil.|MrJU»r 

owm-PB-llVB- 

1 

48 

16 

7.0 

283 

141 

2.00 

2 

53 

19 

6.2 

443 

171 

2.64 

3 

52 

18 

6.0 

512 

175 

2.06 

4 

52 

26 

6.8 

466 

iffr 

2.82 

3.  Urea  +  neutral  pboaphata 


1 

48 

22 

7.2 

3S8 

144 

2.68 

2 

62 

24 

6.6 

562 

171 

3.26 

3 

65 

17 

6.8 

571 

168 

3.41 

4 

54 

23 

6.3 

474 

160 

2.09 

grams  of  urea  per  100  cc.  If  with  such  amounts  of  urea  in  the  blood 
the  ratio  is  lower  when  phosphate  is  given  with  the  urea  than  when 
urea  is  given  alone,  that  fact  would  be  in  favor  of  the  hypothesis  of  a 
common  anatomical  mechanism  for  the  excretion  of  both  urea  and 
phosphate,  a  mechanism  which  was  unable  to  excrete  the  urea  so 
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rapidly  when  it  was  simultaneously  required  to  deal  with  the  elimina- 
tion of  a  lai^  amount  of  phosphate.  If  on  the  other  hand  the  ratio 
is  found  to  be  unchanged  when  phosphate  is  given  with  the  urea,  such 
a  result  might  be  taken  as  evidence  of  the  existence  of  separate  mechan- 
isms for  urea  and  phosphate  excretion.  And  finally,  an  increase  in 
the  ratio  obtained  when  phosphate  is  given  with  the  urea  would  tend 
to  show  in  addition  that  extra-renal  factors  augmenting  excretory 
activity  are  more  fully  mobilized  under  the  double  need  for  elimination. 
The  same  group  of  15  rabbits  on  which  the  ratio  had  been  measured 
after  5  grams  of  urea  given  with  neutral  phosphate,  was  subjected  to 
another  series  of  experiments  in  which  5  grams  of  urea  alone  were 
administrated.    The  conditions  otherwise  were  the  same.    The  s 


excreting  activity  of  the  kidney 


Fig.  1.    Showing  a  alight  ii 
when  neutral  phosphate  is  given  with  urea. 

ages  for  the  combined  and  separate  periods  are  shown  in  tables  1  and  2 
and  the  individual  experiments  are  detailed  in  table  3  at  the  end  of  the 
paper. 

The  ratios  after  urea  and  phosphate  for  the  four  successive  periods 
exceed  the  ratios  after  urea  alone  by  0.68  ±  0.15,  0.61  ±  0.15,  0.42  ± 
0.12  and  0.11  ±  0.17  respectively,  i.e.,  by  amounts  which  cannot  well 
be  explained  by  chance  in  view  of  the  fact  that  in  all  four  periods  the 
ratios  are  greater  when  both  substances  were  given.  The  plasma 
carbon  dioxide  in  both  cases  was  almost  the  same,  so  that  the  effect 
cuinot  be  accounted  for  on  the  basis  of  a  change  in  the  acid  base  equi- 
librium. Additional  experiments  were  carried  out  under  the  same  con- 
ditions in  order  to  determine  the  degree  to  which  phosphate  excretion 
was  increased  after  introducing  a  balanced  mixture  of  acid  and  alkaline 
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phofiphato  into  the  stomach.  An  average  houriy  excretion  of  2.6  mgm. 
P.  was  found  during  the  five-hour  period  when  urea  alone  was  given, 
and  8.0  mgm.  when  phosphate  was  given  with  the  urea.  The  urea 
excreting  activity  of  the  kidney  was  thus  increased  while  at  the  same 
time  additional  work  was  being  done  in  the  excretion  of  phoaphate. 

TABLE  s 
Urea  alone 


H„_  „,,„  I     omii  iw     I     omiA  n«     I 
or  nam  I        ^„„,        |       ^^^^       | 


Mi.r«-<»< 

w. 

»«■.  iwkw 

«»i«.i»-«»« 

1 

51.9 

18.5 

6.3 

340 

150 

2.18 

2 

3ft.  2 

10.0 

5.4 

290 

177 

1.64 

3 

47.6 

13.0 

6.0 

233 

123 

1,89 

4 

54.2 

20.0 

8.0 

255 

166 

1.64 

fi 

49.1 

28.5 

7.0 

495 

135 

3.67 

9 

49.3 

18.0 

7.4 

323 

204 

1.58 

10 

60.1 

17.0 

7.4 

204 

153 

1.34 

11 

46.0 

8.0 

5.5 

132 

99 

1.34 

12 

40.2 

9.0 

7.4 

120 

78 

1.54 

13 

70.2 

25.0 

8.7 

40S 

132 

3.09 

14 

48,2 

7.5 

7.4 

228 

123 

1.86 

15 

40.3 

14.0 

7.0 

350 

150 

2.33 

16 

44.6 

21.0 

7.5 

220 

114 

1.93 

19 

40.2 

15.0 

7.0 

360 

160 

2.14 

20 

61.6 

17.0 

7.0 

292 

163 

1.91 

1 

51.2 

18.5 

5,0 

360 

166 

2.12 

2 

50,4 

15-0 

6,7 

474 

189 

2.51 

3 

60.4 

13.0 

6,0 

339 

171 

1.98 

4 

66.0 

23.0 

7,7 

600 

m 

2.82 

5 

62.3 

32.0 

4,7 

640 

160 

4,27 

9 

52.4 

19.0 

7,0 

625 

210 

2.43 

10 

49.3 

11.6 

6,7 

233 

216 

1,08 

11 

47.2 

13.0 

4.7 

426 

160 

2,84 

12 

51.5 

27-5 

4.7 

368 

146 

2.S6 

13 

71.6 

13.0 

8.0 

450 

150 

3,00 

14 

52.1 

S.5 

6.0 

411 

ISO 

2.74 

16 

56.7 

16.0 

5.6 

570 

177 

3,22 

le 

66,0 

44.0 

8.0 

414 

177 

2,34 

1ft 

51,0 

14,0 

5,3 

468 

171 

2,73 

20 

,  62,8 

18,0 

6,3 

486 

168 

2.89 
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TABLE  t-CoiMnvei 


»l.p<rc«( 

«. 

mtm.vri«^ 

mm.ptrtOO« 

1 

61.2 

20.0 

6.0 

502 

177 

2.84 

2 

47.0 

14.0 

5.8 

519 

189 

2.75 

3 

47.3 

12,0 

6.0 

377 

177 

2.13 

4 

58.9 

Ift.O 

7.0 

606 

186 

8.26 

5 

64.9 

21.5 

4.7 

621 

147 

4.22 

9 

61.3 

17.0 

7.2 

539 

219 

2.46 

10 

48.0 

15.0 

6.3 

402 

222 

1.81 

11 

47.0 

15,6 

4.7 

510 

162 

3.15 

12 

60.3 

30.5 

4.7 

481 

153 

3.15 

13 

64.6 

11.6 

7.8 

486 

150 

3.24 

14 

62.1 

11.0 

6.0 

521 

150 

3.47 

16 

87.2 

14.0 

6.0 

595 

180 

3.30 

16 

54.0 

30.0 

8.0 

673 

180 

3.18 

19 

45.0 

17.0 

6.0 

462 

168 

2.69 

20 

53.6 

19.0 

6.0 

490 

1S9 

3.08 

1 

50.0 

41.0 

5.0 

430 

171 

2.61 

2 

53.8 

16.0 

4.7 

440 

186 

2.36 

3 

47.5 

16,5 

6.0 

365 

165 

2.21 

4 

62.7 

20,0 

6.7 

426 

180 

2.37 

5 

68.3 

22.0 

6.7 

527 

147 

3.59 

9 

64.9 

30.0 

6.7 

658 

192 

2.87 

10 

48.7 

36.0 

6.0 

620 

213 

2.44 

11 

50.4 

22.0 

6.7 

495 

146 

3.44 

12 

50.1 

28.0 

6.7 

393 

162 

2.43 

13 

64.5 

19,0 

7.0 

420 

150 

2.80 

14 

61.2 

20,0 

6.0 

560 

150 

3.73 

15 

47.8 

21.0 

6.0 

506 

153 

3.31 

16 

48.1 

40.0 

7.7 

563 

189 

3.98 

19 

49.2 

27.0 

6.7 

34fi 

168 

2.05 

20 

49.3 

24.0 

6.0 

4S6 

141 

3.24 

CONCLUSION 

The  urea  excreting  activity  of  the  kidney  measured  during  the 
strain  induced  by  the  administration  of  urea  is  increased  when  an 
additional  strain  is  put  on  the  excretory  capacity  by  the  simultaneous 
administration  of  a  neutral  mixture  of  acid  and  alkaline  phosphate. 

BIBUOGRAPHY 

(1)  Addib:  Journ.  Urol.,  1917,  i,  263. 

<2)  Addis,  Sbevky  and  Bevier:    This  Journal,  1018,  xlvi,  120. 

<3)  Addib,  Shbvky  and  Bevieb:    This  Journal,  1018,  xlvi,  11. 


lizcdbyGoOl^Ie 


GASTRIN  STUDIES 

III.  The  Response  or  the  Stomach  Mxjcosa  of  Vabiods 
AmuAis  TO  Gastrin  Bodies 

R.  W.  KEETON,  F.  C.  KOCH  and  A.  B.  LUCKHARDT 

From  the  Hull  Laboratorie»  of  Phy»iology  and  Physiological  Chemittrj/  of  the 

UnivWiity  of  Chicago  and  the  Lt^oraiory  of  Pharmacology  of  tkt 

Univeriily  of  Illinoit,  College  of  Medicine 

It«ceived  for  publication  January  30,  1920 

In  the  two  previous  reports  (1),  (2)  published  ob  the  distribution  of 
gastrin,  we  called  attention  to  the  characters  of  the  responses  of  various 
types  of  stomachs  and  determined  the  distribution  of  this  body  (or 
bodies)  in  the  various  tissueB. 

This  method  of  stimulation  of  the  gaatric  mucosa  gives  us  an  oppor- 
tunity to  investigate  some  of  the  more  fundamental  problems  of  gastric 
physiology  which  can  not  be  attacked  through  food  stimulation. 
Consequently  it  is  important  to  extend  observations  on  its  secreto- 
gogue activity  to  the  more  common  laboratory  animals.  If  the  response 
proves  to  be  a  general  property  of  stomach  tissue  then  generaUzations 
based  upon  it  have  an  added  significance. 

I.  OASTBIN  STIMULATION 

Cats.  In  a  former  paper  (1)  two  observations  on  cats  with  Pawlow 
stomachs  showed  no  increase  in  the  rate  of  secretion  of  gastric  juice 
after  gastrin  injection,  but  a  distinct  increase  in  the  pepsin  concen- 
tration. In  the  table  below  (table  1)  it  is  definitely  shown  that  cats 
respond  not  only  as  to  increase  in  concentration  of  acid  but  also  as 
to  volume  of  gastric  juice. 

It  will  be  noted  that  cat  I  failed  to  respond  until  the  cord  had  been 
sectioned;  cat  II  also  presented  two  negative  experiments.  Since 
these  studies  were  undertaken  earlier  in  the  work  using  less  active 
preparations,  they  are  to  be  considered  rather  as  evidence  that  the 
stomach  of  the  normal  cat  is  much  more  refractory  than  that  of  the 
dog.    The  insusceptibility  of  the  cat's  stomach  comes  into  evidence 
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again,  when  they  are  dreesed,  and  one  collects  the  resulting  spon- 
taneous secretion.  For  it  is  the  rule  that  the  juice  obtained  cotasists 
of  viscid  neutral  mucus,  varying  in  quantity  from  1  cc.  per  hour  to  1  co. 
collected  in  4  to  5  hours.  The  absence  of  acid  in  this  spontaneous 
secretion  is  in  striking  contrast  to  the  conditions  found  in  dogs;  for  in  a 
dog  with  a  gastric  fistula  one  may  at  times  by  simply  dressing  observe 
the  presence  of  a  secretion  of  20  to  30  cc.  of  juice  per  hour  containing 

TABLE  1 
Oattric  fittulae 


CiTI.    COK>CCT 
IT  iHDTBOKAttC 

;^r-"™' 

c*,. 

...o«^ 

c« 

.  « 

^ 

■cid 

."Kr 

meid 

^ 

1 

1 

1 

1 

1 

1 

1 

I 

2.5 

0,31 

ttni 

0.35 

1.6 

0.02 

0.10 

1.9 

0.00 

0.03 

1.0 

cat    etnt 

0.10  0.17 

loc.  of 

gaBtrin 
(SI) 

1  CO.  ot 
gMtrin 

(Sh.p.  40) 

1  00.  of 
gastrb 

(Sh,p,  40) 

BMtriD 

(Sh,p.  40) 

First  hour 

Second  hour 

Third  hour 

10.0 
10.0 
4.6 

0.47 
0.53 
0.50 

O.Sl 
0.54 
0.63 

9.8 
3.6 
1.0 

0.39 
0.33 
0.20 

0.43 

0.41 
0.27 

9.5 
2.2 

1.8 

0.28 

0.30 
0.18 

0.32 
0.37 
0.26 

9.8 

7.8 
3.0 

0.37 
0.47 
0.44 

0.4S 

Additional  data: 

Cat  I.  Failed  to  respond  to  1  injection  of  gastrin  preceding  the  section  of  cord. 
Thr«e  other  experiments  after  cord  was  sectioned  confirm  the  one  cited  above. 

Cat  II.    Two  negative  experiments. 

Cat  III.    Two  other  confirmatory  experiments. 

Gats  IV  and  V.  One  other  confirmatory  experiment  on  each.  The  gastrin 
solutions  used  here  have  been  freed  to  a  great  extent  from  proteins  by  alcohol 
and  basic  lead  acetate  precipitations, 

0.5  per  cent  hydrochloric  acid,  and  it  may  require  2  to  3  hours  for  this 
secretion  to  subside. 

This  refractory  condition  following  injections  may  be  simply  due  to 
vascular  changes,  as  is  suggested  later  in  the  discussion. 

Attention  is  called  to  cat  III  which  was  doubly  vagotomized  and 
which  confirms  the  activity  of  this  type  of  stomach  in  dogs  as  previously 
reported. 
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Most  observers  are  familiar  with  the  great  difficulty 
'  experienced  in  freeing  the  stomach  of  these  animals  of  food.  It  was 
our  practice  to  sew  the  stomach  of  the  animal  to  the  abdominal  wall 
over  a  fairly  wide  ares  and  then  on  the  following  day  to  make  an  open- 
ing into  the  lumen  by  means  of  a  cautery.  If  the  opening  is  sufficiently 
large  the  stomach  can  be  eventually  emptied  by  the  use  of  a  fine  stream 
of  water.  These  animals  responded  readily  in  our  exp^iments,  two 
of  which  are  cited. 


RtAbit  I.    July  to 

HTDBOCSLOBIC  AOD 

JDIM 

F» 

Total 

«. 

V««lU 

IW-«U 

3:30 

Stomftch  washed  out 

4:10 

3.0 

0.00 

0.02 

4:10 

6:10 

26.4                                0.17                                0.20 

6:10 

25.0                                0.36                                0.41 

Jiobbil  II.    July  It 


3:00 

Stomach  washed  out 

4:26 

Collection  bepin 

4:55 

7.5 

0.00 

0.04 

6:25 

7.7 

0.00 

0.03 

5:37 

Injected  1  cc.  gastrin 

'Sh  filtrate,  p.  40' 

intramuaoularly 

6:37 

33.0 

0.20 

0.27 

7:37 

25.0 

0.12 

0.1» 

Guinea  piga.  Much  difficulty  was  experienced  in  obtaining  even 
qualitatively  satisfactory  experiments  on  the  guinea  pig.  The  empty- 
ing of  the  stomach  is  attended  with  a  good  deal  of  shock,  so  that 
the  animals  remain  rather  quiet  and  depressed  after  the  manipulation. 
Furthermore,  they  also  more  readily  show  toxic  manifestations  from 
the  injections.  This  may  possibly  be  explained  as  due  to  improper 
gradation  of  the  dose. 

The  following  experiment  is  offered  as  one  of  qualitative  value  in 
establishing  the  activity  of  the  preparation. 

Iq  view  of  the  difficulties  mentioned  above  it  was  not  considered 
necessary  for  our  present  purposes  to  seek  for  more  conclusive  results. 

In  the  control  hour  preceding  the  injection  the  quantity  of  juice  was 
2.5  cc.  with  an  acidity  too  small  to  titrate;  in  the  hour  following  4.5  cc. 
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were  secreted  with  a  total  acid  reaching  0.11  per  cent.     A  second 
injection  of  double  the  amount  was  then  given  with  no  increase  in  ' 
quantity,  but  afurther  rise  in  total  acid  to  0.16  per  cent. 

Ducks.  Ducks  were  selected  for  the  avian  stomach  because  of 
their  large  size  and  the  relative  ease  with  which  they  can  be  kept  in 
captivity.  A  fistula  was  made  into  the  crop  Emd  a  rubber  tube  inserted 
which  tube  could  be  removed  at  the  time  of  the  experiment.  Food  was 
removed  from  the  cages  the  night  preceding  the  experiment.  At 
stated  intervals  (half-hour  or  hour  periods)  the  proventriculus  was 
aspirated  with  a  soft  perforated  gum  rubber  tube  attached  to  a  syringe. 
The  protocols  below  show  definite  time  intervals  but  these  are  to  be 
considered  approximations,  for  often  10  te  12  minutes  were  consumed 
in  manipulations  attendant  upon  the  aspirations.  One  duck  (no.  II) 
died  the  night  following  the  injection  of  a  rather  heavy  dose,  the  others 
remained  in  excellent  condition.  The  breast  muscles  offer  a  con- 
venient site  for  the  injection. 

Duck  I 


,.«» 

>T»«K>LO»<7*ai. 

Fna 

Total 

9:15 
9:15 
10:16 
11:15 
12:16 

Stomach  Mpimted;  a 
2  cc.  gastrin  "SO"  in 

8.5 
10.2 

4.ft 

ptcmt 
thing  returned 
ramuscuUrly 
0.12 
0.22 
0.20 

0.20 
0.26 
0.24 

8:30 

Stomach  washed  out 

9:80 

1.0                1                0.06 

0.12 

9:30 

3  00.  ^atrin  "SO"  intramuscularly 

10:30 

27.0                                0.20 

0.26 

11:30 

26.0                                0.24 

0.28 

12:30 

12.5                                0.26 

0.31 

8:36 

Stomaoh  washed  out 

9:36 

0.6                1                0.00 

0.00 

9:35 

2  cc.  gastrin  "SO"  intramuscularly 

10:05 

0,7                I                0.37 

0.46 

10:06 

10:36 

15,6                                0.32 

0.S7 

11:36 

28,0                                0.21 

0,26 

12:35 

26,0                               fl.lS 

0.23 
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These  active  responsea  as  shown  in  the  protocols  present  all  the 
'  characteristics  as  to  quantity,  acid  and  duration,  of  the  miLintTmliftn 
secretion. 

Turtles.  With  these  animals  our  results  have  been  entirely  negative. 
First  intravenous  injections  into  the  abdominal  veins  of  pithed  prep- 
arations were  made  and  the  stomach  tested  at  varying  intervals  with 
Congo  red  paper.  Next  several  animals  were  injected  intramuscularly 
with  a  known  active  preparation,  and  after  varying  intervals  pithed. 
The  stomach  contents  were  then  tested  with  congo  red  paper.  In  no 
case  was  an  acid  reaction  developed.  We  then  in  routine  autopsied  all 
turtles  used  in  the  course  of  a  rather  extended  piece  of  pharmacological 
research  in  progress  in  the  same  building  and  tested  their  stomachs  for 
acid.  These  animals  were  fed  liver  daUy  and  their  stomachs  always 
contained  pieces  thereof,  but  we  were  never  able  to  demonstrate  an 
acid  reaction  in  the  liver  debris  or  in  the  mucus  on  the  stomach  wall. 
In  the  light  of  theee  findings  we  feel  that  our  negative  results  are  to  be 
attributed  to  the  resting  state  of  the  stomach  in  captivity  and  to  the 
hot  weather  during  which  we  performed  the  experiments. 

Frogs.  Gastric  fistulae  were  made  in  large  bull  frogs,  measuring 
approximately  30  to  36  cm.  in  length.  These  keep  well  in  captivity, 
the  wound  healing  readily.  Indeed  if  they  are  not  used  regularly  the 
fistula  will  close  entirely.  Injections  were  made  into  the  dorsal  lymph 
sac. 

October  «S,  1916 


.CD 

JDICl 

FtM 

Total 

a. 

petatH 

p«««K 

12:25 

0.3  glairy  muouB,  acid  to  congo  red,  aspirated  n 
rubber  on  a  ayringe 

ith  a  perforated 

12:26 

1.25  minims  gastrin  "SO"  in  dorsallymph  sac 

1:25 

1.9                1                0.26                1 

0.32 

2:25 

1.7                1                0.29                1 

0.36 

3:26 

0,4 

0.16                1 

0.25 

October  n.  me 


10:30 

Notbicg  returned  by  aspiration.     Stomach  then 
pledget  of  congo  red  paper,  no  reaction 

viped  out  with  a 

10:36 

1.66  minima  gastrin  "SO"  in  dorsal  lymph  aac 

11:35 

2.4                                    0.22 

0.29 

12:35 

1.4                                    0.27 

0.30 

3:30 

1.3                                0.23 

0.30 
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The  above  expeiimeDts  present  coDctusive  evidence  of  the  secre- 
tory response  of  the  frog's  stomach. 

A  number  of  smaller  frogs  such  as  are  customarily  used  in  laboratory 
work  were  injected,  afterwards  pithed  and  stomach  tested  with  congo 
red  paper,  but  in  no  case  was  a  positive  response  noted. 

Ooat.^  A  fonale  goat  was  operated  on  November  16,  1915,  with 
the  establishment  of  an  Heidenhain  stomach.  A  total  of  five  experi- 
ments was  performed  on  the  animal  in  the  course  of  the  next  month. 

TABLE  I 
Hittamine-di-hydTochlOTide  injected  inlTatrmxcutarty 


DwI 

Dot  II* 

Do«X 

DocVIH 

lid» 

sa 

Inkte 

» 

tui« 

IdM 

Hyd«. 

1 

1 

1 

ptr 

0.05 

1 

«lK 

0.12 

1 

1 

1 

1 

Hour  preceding 

0.6 

0.04 

0.O7 

0.8 

6.0 

0.29 

0,31 

2.0 

- 

0.3 

4  mgm.  hifl- 
tuaine-di- 
hydro- 
chloride 

1  mgm.  hifl' 
tamine-di- 

chloride 

1  mgm.  his- 
tftmine-di- 
hydro- 
chloride 

1  mpn.  his- 
tamine^- 

hydro- 
chloride 

First  hour 

Seeoodhour 

Third  hour 

3.8 
4.0 
0.5 

0.26 
D.50 
0.4O 

0.31 
0.55 
0.46 

4.6 
3.5 
0.2 

0.28 

"■1 

0.36 
0.45 

8,5 
2.5 

S:S 

0.50 
0.13 

0.0 

0.38 

0.48 

*  Heidenhain  stomach. 

The  response  was  in  no  case  striking.  However,  there  was  constantly 
a  sl^t  increase  in  the  acid  and  an  inconstant  increase  in  pepsin  and 
quantity  output  following  the  injection.  The  evidence  seems  sufficient 
to  warrant  the  statement  that  some  stimulation  really  occurred. 

■  The  authors  ai«  deeply  indebted  toA.  F.Schalk  of  the  Veterinary  Sohool  of 
the  North  Dakota  .^ioulture  College  for  these  ei^riments  and  the  preparation 
of  the  teat  animal. 
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n.  HISTAIilNE  STIMULATION 


The  character  of  the  response  linder  histamiDe  resembles  closely 
that  given  by  the  gastrin  preparations  as  shown  by  tables  below. 
While  as  yet  no  attempt  has  been  made  to  make  a  comparative  study 
of  the  phenomena  associated  with  the  injections  of  the  two  bodies, 
since  such  a  study  would  be  more  valuable  when  a  pure  gastrin  product 
is  obtained;  still  it  has  often  seemed  that  the  subjective  symptoms 
associated  with  histamine  administration  were  more  pronounced.     The 


TABLE  S 

Hitlami-M-di-hydroeMotide  injeeUd  intramttieularly 

rmviA 

W' 

TEAHPBI^ 

nBTDLi 

~iF 

■^ 

■dd 

Fuio 

Sffir 

St 

add 

1 

1 

i 

1 

1 

1 

1 

1 

— 

± 

^ 

I 

«. 

suit 

a 

«. 

P" 

^ 

«. 

pj- 

aM 

«. 

eml 

«iK 

p* 

Hour  pre- 
ceding.. 

12.6 

Neg. 

-+ 

8,6 

0.36 

0.42 

9.6 

0.37 

0.43 

7.0  3.11 

0.25 

3,6  0.11 

0,18 

DoBe 

t  mgm.  hia- 
tamine 

(HCl), 

1  mgm.  his- 
tamine 
(HCl), 

1  mgm.  his- 
tamine 

(HCl), 

0.6      mgm. 
histamine 
(HCl), 

0.5    mgm. 
histamine 

(HCl), 

First 

hour. . . 
SecoDd 

hour. . . 

64.6 
14.0 

0.50 

0:46 

0.64 

02.5 
36-,0 

0.43 
0.45 

d 

25.6 
2,0 

0.^ 

0.47 

16.8 
5.6 

t: 

0.34 
0.3» 

18,6 
1.7 

0.36 
0.28 

0.33 
OSl 

animals  were  invariably  restless  and  showed  noticeable  evidences  of 
discomfort  for  15  to  30  minutes  following  the  injection.  Superficial 
vasodilatation  as  shown  by  the  reddened  nose,  conjunctiva  and  mucosa 
of  the  mouth  always  was  definite  and  frequently  marked. 

The  limits  of  the  dosage  have  not  been  determined  accurately,  but 
it  is  safe  to  say  that  0.5  mgm.  histamine-di-hydrochloride  will  pro- 
duce a  satisfactory  response  as  shown  by  dogs  YI  and  VII.  These 
two  animals  had  been  doubly  vagotomized,  a  procedure  which  our 
experience  has  taught  us  always  renders  the  dog's  stomach  more 
refractory. 
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C(Us.    Two  positive  experimoitB  are  recorded  below. 
Cat  III  [July  19, 1818)  dojd>ly  Dogotomiztd 


„.. 

ur.^u.^c.c^ 

Pr« 

TDt>l 

tc. 

pfronl 

iwe^nl 

1:2S 

Dressed 

2:25 

1.0 

0.19 

0.35 

3:05 

4:05 

13.0                                0.22 

0.29 

5:05 

6.2                                0.45 

0.48 

Cat  V.  Normal  (Aajiiwf  7,  I9ie) 


3:00 

DresBed 

4:00 

2.2 

0.03 

4:00 

5:00 

13.0                1                0.21      -         1 

o.ae 

6:00 

9.0                1                0.39                1 

0.45 

Boftftito.  Rabbits  appear  to  present  a  slight  peculiarity  in  the  time 
element  of  the  secretion.  By  references  to  table  4  it  will  be  noted  • 
that  the  maximum  quantity  as  well  as  the  high  point  in  the  acid  comes 
in  the  second  hour.  We  have  no  suggestion  based  on  our  observa- 
tions to  offer  in  explanation.  However  the  question  is  discussed  more 
completely  later.  Negative  results  were  obtained  in  case  of  one  animal 
(no.  II)  which  was  in  such  poor  condition  that  he  died  a  few  hours 
after  the  injection.  So  we  feel  that  this  particular  case  is  without 
significance. 

Guinea  pigs.  The  experimental  difficulties  in  handling  these  animals 
have  already  been  discussed.  Two  experiments  of  qualitative  value 
are  presented. 

In  the  first  case  a  control  period  of  3  hours  showed  a  rate  of  0.2  cc. 
with  no  titratable  acid,  the  hour  foUowii^  an  Injection  of  i  mgm. 
histamine  hydrochloride  gave  0.4  ce.  juice  with  O.ll  per  cent  free  and 
0.15  per  cent  total  hydrochloric  acid. 

In  a  second  experiment  the  control  period  showed  no  acid  while  the 
hour  folbwing  the  injection  gave  0.07  per  cent  free  and  0.11  per  cent 
total  hydrochloride  acid.    There  was  no  increase  in  quaiitity' 


lizcd^yGoOi^Ie 


KXBTOir,   KOCB  AMD  LUCKHAXDT 

TABLE* 

Hitlamiit«-di-hj/droehloride  iitjeeted  intramutcvlarlf/ 


«„T„. 

.«.,,, u 

UBBITIT 

«C 

J^^. 

Qu.n. 
tity 

..fo^,-^ 

"fe- 

Hrdro- 

Pr« 

ToUl 

7»a 

Total 

Fr» 

Totel 

0.2 

£" 

^ 

P" 

0.21 

0.8 

SHu 

jj; 

1  mEm.  hJB- 
tamme-di- 
hydro- 
ohloride 

1  mgm.  his- 
tamine-di- 
hydro- 
clkloride 

Imgin.  hia- 
tamine-di- 
hydro- 
chloride 

1.8 

n.o 

12.0 

0.15 

0,36 
0.32 

0.33 
0.48 
0.47 

4.6 
30.0 

0.30 
0.39 

0.36 
0.46 

7.8 
14.5 

0.26 
0.43 

0.61 

Dueka.    The  atimulation  of  the  avian  stomach  is  showD  in  the  fol- 
lowing protocols. 

Duck  I.  Ociobtr !,  me 


,.™. 

.™.«om.<««,.<» 

Free 

TdU] 

M. 

p«rai>l 

IMTO-t 

7 

4fi 

Stomach  ftflpimted,  nothing  returned              | 

8 

00 

« 

30 

4.2                1                0.«2                1 

0.29 

8 

30 

e 

30 

22.0                1                0.24                I 

0.29 

10 

30 

4.5 

0.16                1 

0.23 

Duck  III.    Oclcber  1. 1916 


8:05 

Stomach  aspirated,  nothing  returned 

8:10 

1  mgm.  histamine-di-hydrochloride 

9:10 

10.0                                0.21 

0.26 

10:10 

3.8                                0.06 

0.14 

FTOf/8.    Thq.  experiments  were  conducted  as  previously  deecribed 
and  with  the  following  results. 
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Oclcher  u,  me 


1 

|wrM»t 

9:40 

Stomach  upirated,  nothing  returned.    Wiped  out  the  atomaoh  with- 

&  pledget  of  Congo  red  paper  and  no  acid  reaction  shown 

S:W 

10:  SO 

O.S                f                0.20                1 

0.26 

12:00 

0.0                1                0.23                1 

0.20 

12:00 

A  mgm.  hjatamtne-di-hydrochloride 

1:00 

0.9                1                0.27                1 

0.30 

2:00 

1.0                1                0.23                1 

0.29 

October  te,  1916 


9:30 

9:80 
10:30 
11:30 

1:4B 


Stomach  aepirated,  nothing  returned.    Wiped  out  the  stomach  with 
a  pledget  of  congo  red  paper,  no  acid  reaotioo 
A  mgm.  histamine-di-hydrochloride 
1.0  j  0.20  I  0.34 

1.4  0.27  0.30 

0.3 


ni.  TTEAIOKE!   HTDBOCHLOBIDB 

Although  the  cxperimeDts  using  this  compound  are  incomplete  and 
inconclusive,  yet  it  seemed  best  to  report  our  findings  to  date.  It  is 
our  intention  to  complete  them  as  soon  as  a  sufficient  quantity  of  the 
compound  can  be  synthesized. 

Protocolfl  of  two  positive  experiments  follow: 


Col  III.    Augutt  18, 1619.    Doubly  vagoUmaxed 


«.                                         iw  Mn<                                     v'cnt 

1:10 

DresMd 

2:10 

0.7                                0.04                                0.13 

2:25 

5  mgm.  tyramme  hydrochloride  (Hoffmann-La  Roche] 

3:25 

6.6                                0.19                                0.27 

4:25 

1.2                                0.17                                0.24 

6:65 

2.6                                O.IO                                0,18 

Cat  IV.     AMguMl »,  me.     Normal 

10:30 

Dressed 

11:30 

0.4                                0.00                                0.01 

12:00 

6  mgm.  tyramine  hydrochloride  (Hoffmann-La  Roche) 

1:00 

5.0                                0.13                                0.16 

2:00 

2.6                                                                      0.06 

3:00 

0.5 
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Other  experiments  with  tyramine  hydrochloride  on  cats  may  be 
summarized  thus: 

Cat  g.  Dose  7)  mgm.  poeitrve;  2)  mgm.  negative. 

Cat  4-  DoBe  7i  mgm.  poeitive ;  2)  rngm.  negative. 

Cat  5.  Dose  5  mgm.  negative. 

Cat  e.  Dose  1\  mgm.  positive;  6  mgm.  questionable;  2)  mgm.  positive. 

DiacnssioN 

In  our  two  former  papers  (1),  (2)  on  the  distribution  of  gastrin 
activity,  we  reported  that  it  occurs  in  approximately  the  same  con- 
centrations in  stomachs  and  duodenal  muco^  and  in  the  thyroids, 
providing  we  do  not  try  to  remove  the  depressor  activity  by  absolute 
alcohol  extraction.  Using  the  same  methods  we  concluded  that  at 
times,  and  for  as  yet  unknown  reasons,  we  find  even  higher  concen- 
trations of  the  gastrin  activity  in  the  liver  and  pancreas. 

We  here  find  the  gastric  secretory  mechanisms  of  various  animals  to 
be  stimulated  to  more  or  less  extent  by  both  histamine  and  gastrin 
solutions  when  injected  intramuscularly.  In  the  turtle  we  were  not 
able  to  bring  about  secretion  by  either  substance  or  by  food. 

The  guinea  pig  reacted  very  irregularly  and  poorly.  This  may  be 
due  to  the  extreme  susceptibility  of  this  animal  to  histamine  as  shown 
by  other  observers.  Thus,  Dale  and  Laidlaw  (3)  call  attention  to 
the  very  rapid  death  after  the  intravenous  injection,  and  conclude  that 
death  is  due  to  constriction  of  the  bronchioles  together  with  increased 
pulmonary  pi^essure.  This  pulmonary  involvement  could  however  be 
avoided  and  an  actual  general  rise  in  blood  pressure  due  to  general 
vasoconstriction  could  be  observed  if  previous  to  the  injection  of 
histamine  the  animal  were  kept  under  prolonged  anesthesia.  Other 
observers  have  noted  diametrically  opposite  physiological  results  on 
various  animals  as  regards  blood  pressure  and  also  distinctly  variable 
results  as  to  contraction  and  relaxation  of  smooth  muscle  prepara- 
tions from  vfuious  organs  when  treated  with  histamine.  Thus 
Barbour  (4)  considers  histamine  to  cause  a  fall  in  blood  pressure 
particularly  in  camivora,  and  that  positive  or  negative  results  on 
isolated  smooth  muscle  preparations  by  epinephrin,  tyramine  and 
histamine  are  determined  by  the  quantitative  character  of  the  vaso- 
constrictor and  vasodilator  fibers  to  the  particular  organ  in  question. 
It  is  well  known  that  the  virgin  or  non-pregnant  uterus  of  the  rabbit, 
dog,  ferret,  monk^  or  man  always  contracts  after  adrenalin  treatment 
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wbereas  in  tbe  cat,  guiuea  pig,  aDd  rat  this  may  cauae  a  relaxation  and 
that  only  the  pregnant  uterus  is  caused  to  contract.  The  same  theory 
as  to  the  predomin^ice  of  one  or  the  other  form  of  nerve  endings  has 
frequently  been  resorted  to  in  attempts  to  explain  these  results,  Cow 
(5),  however,  postulates  that  in  the  pr^^ant  animal  the  pituitrin  con- 
centration in  the  blood  is  higher  and  h^ice  t^e  pregnant  uterus  reacts 
more  readily  to  injected  adr^ialin  or  pituitrin.  In  other  words  a  pre- 
vious "sensitization"  of  the  tissues  with  pituitrin  (histamine?)  (13) 
renders  smooth  muscle  more  susceptible  to  uniform  action  by  pilocar- 
pine, ergot,  ergotoxin,  pituitrin,  tyramine  and  adrenalin.  Cow  has 
actually  shown  that  by  previous  feeding  of  pituitary  substance  or  by 
previous  treatment  with  pituitrin  solutions  the  non-pregnant  uterus  of 
the  cat  can  be  made  to  react  like  a  pr^nant  uterus  when  later  treated 
with  the  drugs  named.  Just  how  this  "sensitization"  is  bro\^ht  about, 
or  whatever  the  action  may  be,  has  not  been  explained  as  far  as  we 
know.  Frohlich  and  Pick  (6)  made  observations  along  somewhat  sim- 
ilar hnes,  but  with  entirely  different  and  lees  consistent  results.  Han- 
dowsky  and  Pick  (7)  conclude  from  their  studies  with  the  Trendelen- 
burg frog  muscle  method  that  histamine  (1 :  1000),  tyramine  (1 :  1000) 
and  Witte's  peptone  (1 :  100)  all  act  as  vasodilators  on  this  preparation, 
providing  the  muscle  ia  first  put  into  the  vasoconstrictor  condition. 
While  these  observations  do  not  bear  directly  on  the  point  in  question 
here,  still  they  are  suggestive  and  some  such  factors  as  referred  to  may 
explain  our  peculiar  results  with  guinea  pigs  and  rabbits. 

In  rabbits  we  observed  leas  toxic  action  by  gastrin  than  ia  guinea  pigs, 
but  the  time  of  maximum  gastric  secretion  after  histamine  is  delayed 
until  the  second  hour,  whereas  in  most  of  the  animals  studied  we  find 
the  maximum  rate  of  secretion  in  the  second  thirty  minutes  after  the 
injection.  Possibly  the  delay  may  be  attributed  to  the  earher  vascu- 
lar changes  leadii^  to  an  anemia  around  the  glands  and  that  the  other- 
wise favorable  secretory  action  could  not  manifest  itself  until  later. 
With  gastrin,  however,  the  rabbits  show  their  maximum  secretion  in  the 
first  hour  or  at  any  rate  a  response  of  the  same  order  as  that  of  the  second 
hour.  These  observations  st^gest  that  gastrin  solutions  do  not  contain 
histamine  or,  if  they  do,  that  the  physiological  action  thereof  is  modified 
by  some  other  constituent.  If  our  interpretation  of  the  delay  is  correct 
we  may  restate  tbe  proposition  by  saying  that  the  gastrin  solutions  do 
not  contain  a  substance  which  produces  vascular  changes  unfavorable 
to  secretion.  Possibly  the  more  refractory  state  of  the  cat's  stomiich 
is  attributable  to  these  same  vascular  iactors,  that  is,  initial  vasocon- 
striction. 
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The  observationB  by  Dale  and  RiGhords  (8)  indicate  a  remarkaUe 
vascular  action  by  histamine.  Apparently  it  acts  upon  two  distinctly 
different  anatomical  structures  in  the  vascular  syatem.  It  causes  a 
transient  vasoconstriction  in  the  arterioles  and  a  more  delayed  and  pn>< 
longed  vasodilating  action  on  the  capillaries  due  to  inhibition  of  their 
tone.  The  main  action  then  consists  in  opening  up  new  capillary  areas 
together  with  permeation  of  the  capillary  wall  by  blood  plasma.  This 
latter  property  enables  us  to  understand  how  the  optimum  vascular 
conditions  for  secretion  may  be  produced  by  histamine.  Dale  and 
Richards'  observations  indicating  a  loss  of  plasma  and  an  increase  in 
concentration  of  red  corpuscles  in  the  blood,  as  a  result  of  histamine, 
have  also  been  observed  by  Simon  (9),  who  noted  an  eosinophilia  after 
injection  of  pancreatic  secretin  solution.  Downs  and  Eddy  (10)  also 
recently  confirmed  the  findings  of  Dale  and  Richards  in  that  they 
noted  a  distinct  increase  in  the  concoitration  of  the  formed  el^nents 
in  the  blood  after  partiUdi^  of  food  and  also  after  the  injection  of  pan- 
creatic  secretin.  However,  Simon,  as  well  as  Downs  and  Eddy,  considw 
their  results  as  due  to  an  actual  increased  production  of  blood  cells. 

We  do  not  claim  that  histamine  has  a  specific  stimulating  effect  on 
gastric  secretion  for  it  ia  well  est^lished  by  Dale  and  Laidlaw  (11)  tiltat 
the  salivary  glands  as  well  as  the  pancreas  are  stimulated  to  secretion 
by  hutamine.  '  There  are  other  studies  which  indicate  a  vray  close  sim- 
ilarity if  not  an  identity  between  histamine,  pancreatic  secretio  and 
gastrin.  Thus,  Barger  and  Dale  (12)  usii^  a  0.1  per  cent  HCl  extrac- 
tion, report  the  isolation  of  "crystals  quite  similar  to  histamine  dipic- 
rate"  from  the  small  intestines  of  the  ox,  under  conditions  which  pre- 
cluded post-mortem  bacterial  changes  in  the  tissue.  Various  observers 
have  considered  this  as  showing  that  histamine  is  identical  with  secretin, 
although  the  proof  is  by  no  means  conclusive  either  for  or  against  this 
view.  Similarly  one  might  argue  that  gastrin  and  hifitamine  are  iden- 
tical and  particularly  so  in  view  of  the  recent  observations  of  Abel  and 
Kubota  (13),  who  isolated  histamine  picrate  from  gastric  mucous 
membrane. 

In  regard  to  the  question  of  the  identity  of  pancreatic  secretin  and 
histamine  we  have  the  findings  of  Dale  and  Laidlaw  (11).  These  au- 
thors report  one  experiment  in  which  it  is  shown  that  if  doses  of  his- 
tamine and  pancreatic  secretin  which  depress  the  blood  pressure  to  the 
same  level  be  injected,  then  the  flow  of  pancreatic  juice  resulting  from 
the  injection  of  secretin  is  much  greater  than  that  resulting  from  his- 
tamine stimulation.    They  were,  however,  not  able  to  prepare  a  secre- 
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tin  solution  free  from  depressor  action.  We  have  not  studied  the  rela- 
tion of  blood  pressure  to  gastric  secretion  as  a  result  of  gastrin  and 
histamine  since  all  of  our  experiments  were  made  without  the  use  of 
anesthetics.  We  have,  however,  the  general  impression  that  histamine  is 
more  toxic  and  causes  more  marked  peripheral  vascular  chaises  when 
we  compare  equivalent  doses  from  the  standpoint  of  secretagogue  ac- 
tion. These  general  observations  together  with  others  noted  above  and 
to  be  reported  in  later  papers,  lead  us  to  believe  that  histamine  and  gas- 
trin probably  are  not  identical. 

We  have  no  conclusive  data  to  offer  as  to  the  action  of  tyramine. 
Ite  more  definite  vasoconstrictor  action  probably  outweighs  any  secre- 
tory stimulating  power  that  it  possesses.  Our  two  positive  experiments 
merely  suggest  that  if  the  vascular  conditions  were  otherwise  right  for 
secretion,  the  response  probably  would  always  be  positive. 

CONCLUSIONS 

1.  Gastrin  and  histamine  cause  gastric  secretion  in  the  dog,  cat, 
rabbit,  guinea  pig,  duck  and  frog. 

2.  Gastrin  causes  secretion  in  goat;  histamine  has  not  been  tested  on 
this  animal. 

3.  The  turtle's  stomach  did  not  contain  at  any  time  free  acid  (aa 
tested  by  Congo  red)  foUowii^  injection  of  gastrin  intravenously  and 
intramuscularly  or  the  ingestion  of  food. 

4.  The  results  in  the  guinea  pigs  are  not  striking  or  clear  cut,  due  to 
their  general  susceptibility  to  the  injected  substances. 

5.  In  the  rabbit  the  maximum  secretion  from  gastrin  occurs  in  the 
first  hour,  from  histamine  in  the  second.  This  may  be  attributed  to 
the  preliminary  vasoconstriction  caused  by  histamine. 

6.  The  pharmacologiG  action  of  histamine  on  the  capillaries  produces 
ideal  conditions  for  secretion. 

7.  Histamine  appears  to  have  the  property  of  exciting  glandular 
tissue  in  general  (pancreas,  salivary  gland  and  stomach). 

8.  The  behavior  of  gastrin  does  not  conform  sufficiently  to  histamine 
to  warrant  the  conclusion  that  they  are  the  same  substance. 

9.  Tyramine  caused  secretion  in  cats  inconstantly,  but  failed  in  all 
other  animals. 

The  authors  are  indebted  to  the  Hoffmann-La  Roche  Ghemical  Co. 
and  to  Dr.  Karl  Koessler  of  the  Department  of  Experimental  Medicine 
of  Sprague  Institute  for  the  histamine  di-hydrochloride  used  in  this 
research. 
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The  stimulating  effect  of  morphine  and  pilocarpine  (1)  on  gastric 
Activity  has  been  known  for  a  number  of  years.  The  authors  (2)  have 
more  recently  extended  Edkins'  (3)  observations  on  gastrin  and  have 
added  to  the  list  another  substance,  histamine,  which  when  injected 
intramuscularly,  causes  gastric  secretion.  A  large  list  of  other  sub- 
Stances  has  been  reported  by  investigators  at  different  times  as  capable 
of  causing  secretion.  However,  these  have  usually  been  administered 
orally  and  the  evidence  in  favor  of  their  activity  is  neither  clear  nor 
convincing.  It  seemed  advisable  to  study  the  effect  of  atropine  on  the 
secretions  caused  by  food  and  by  gastrin  bodies  under  which  term  for 
the  present  histamine  is  included.  It  was  thought  that  such  studies 
might  enable  us  to  estimate  more  accurately  the  value  of  these  substances 
as  stimulating  agents  and  at  the  same  time  throw  some  light  on  the 
more  fundamental  problems  of  gastric  secretion. 

Effect  of  atropine  on  food  stimulation,  Riegel  (4)  has  reported  that 
atropine  causes  a  decrease  in  the  quantity  of  juice  and  in  the  height 
of  acid  after  a  standard  meal  of  one  liter  of  milk.  He  further  showed 
that  it  decreased  the  secretion  in  cases  clinically  diagnosed  as  ulcers. 
From  this  and  other  studies  into  gastric  motility  as  influenced  by 
atropine  and  belladonna  these  bodies  have  assumed  a  definite  value  in 
the  diagnosis  of  gastric  ulcer  and  its  management.  We  have  sub- 
stituted for  Riegel's  milk  meal  one  which  we  hoped  would  give  a 
maximum  secretory  effect,  and  with  this  have  extended  his  observa- 
tions. The  meal  consisted  of  250  grams  of  lean  meat,  hasted  through 
the  meat  chopper  three  times,  300  cc.  of  water  and  5  grains  of  sodium 
«hloride.     The  mixture  was  boiled  long  enough  to  change  its  appear- 
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ance  to  &  uniform  brown.    Ita  Btimulating  power  is  shown  in  the  pro- 
tocols below. 

Dog  VIII.    Patetow  tlomach 


BxperimerU  1.  Fed  Btandard  diet.    Hourly  average  for  the  first  five  hours  wm 
12.7  cc. 

1        ,.*^:t. 

TOM. 

10.  S 
3.0 

ptrunt 

0.33 
0.24 

ptruiil 

038 

Experiment  $.  Fed  standard  diet. 
16.0  cc. 

Hourly  average  for  the  first  five  hours  was 

t™. 

„.-„, 

BTDIOCHLOaiC  <CID 

16.0 
6.0 

pB-cent 

0.42 
0.29 

^trt»t 

Dog  IX.    PavAow  etomach  with  spIancAnic  nerves  aectioned. 
Experiment  t.  Fed  standard  diet.    Hourly  average  for  the  first  five  houn 


T... 

QDAMIITT             LlD«0^»KACn. 

»™.  """■»:  Aa» 

13 
18 

0.44 
0.47 

Experimtnl  t.  Fed  standard 
was  26.0  00. 

diet.    Hourly  average  (or  the  first  five  hours 

T.-E 

QDANTITT 

HTDBOCBIOBIC  ACID 

TOTAI.ACIS 

20 
U 

pirctM 

0.32 

0.30 

IMr<m( 

We  may  conclude  that  normally  the  stomachs  of  these  experimental 
animalfi  displayed  good  secretory  activity  for  at  least  six  hours  follow- 
ing the  test  meal  used. 

Effect  of  toxic  doses  of  atropine  on  the  secretion.  In  the  first  experi- 
ments a  rather  large  dose  of  atropine  was  given  which  proved  to  be  & 


lizcd^yGoOi^Ie 


ANTAGONISM  OF  ATHOPINE  TO  GASTRIN  BODIES 


471 


generally  toxic  one.  It  was  only  after  twenty-four  hours  that  the 
animals  could  be  interested  in  food,  while  the  effect  on  the  pupil  lasted 
for  several  days.     The  prostration  with  this  dosage  was  profound. 

Reference  to  table  1  shows  that  the  effect  on  the  quantity  secretion 
is  immediate,  and  the  effect  on  the  percentage  of  acidity  occiu^  after 
thirty  minutes.  The  dose  was  then  redueed  in  order  to  see  whether 
the  inhibitory  dose  must  be  a  generally  toxic  one.  It  was  found  that 
1  mgm.  of  atropine  sulphate  (0.12  mgm.  per  kgm.  body  weight)  would 
inhibit  the  secretion  of  the  gastric  juice  over  a  period  of  hve  hours 
following  the  injection.    No  attempt  was  made  to  follow  the  secretion 

TABLE  1 

Effect  of  toxic  dose  of  atropine  on  tecretion  from  food  stimiUation 


»0».m 

■>oa,x 

™<.,NTn-..* 

Qouitity 

HjrdrooblorfcMld 

HydToohloricuid 

Ftm      1      TotBl 

FtM      1     ToUl 

Fed  standard  meal 

Km  hour 

9.0 
18.0 

18.0 

0.08        0.35 
0.34        0.49 
0.38        0.46 

8.6 
16.0 
19.8 

0.22 
0.36 
0.30 

Vtttent 
042 

0.46 

Injected  2  mgm.  atropine 

2.4        0.34 
0.7        0.00 
0.4        0.00 

0.43 
0.10 
0.06 
0.0» 

2.2 
0.4 
0.2 
0.3 

0.37 
0.00 
0.00 
0.00 

longer  and  determine  the  exact  time  at  which  it  would  return.  Such 
a  period  we  took  as  evidence  of  definite  and  complete  inhibition.  This 
dose  did  not  produce  any  other  obvious  symptoms.  After  the  injec- 
tions the  animals  lay  down  as  usual,  responded  to  petting  and  appeared 
normal  in  all  respects,  except  for  an  occasional  stretching  of  the  mouth 
and  licking  of  the  nose.  Hence  we  may  say  that  an  inhibitory  dose 
need  not  be  a  generally  toxic  one. 

Qualitative  changes  in  the  juice  after  atropine  injeclions.  By  using 
still  smaller  doses  one  can  analyze  more  clearly  the  steps  in  the  inhibi- 
tion. Tables  2  and  3  give  the  results  of  ten  experiments  carried  out 
for  this  purpose.     The  first  effect  appears  to  be  one  on  the  quantity 
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secretion.    Reference  to  tables  2  and  3  in  which  0.05  and  0.025  mgm. 
doses  were  used  shows  that  in  all  cases  there  is  a  sudden  drop  in  the 


Atropine  sulphate  injteUd  intramatcMlarly 

.oo« 

Doaiz 

QiuntiticiDljuio 

QlUDtitiMotJuiM 

«s??s^- 

"^^^ 

On    h 

9.0 
10.0 

7.0 
7.0 

3.0 
3.0 

13.0 
12.0 

9.5 
9.0 

13.5 
10.0 

4.0 
4.6 

6.0 
2.7 

2.0 
2.5 

3  5 

One  half -bour 

8.4 

0.05  mgm. 

atropine 

sulphate 

0.05  mgm. 
atropine 
sulphate 

0.025  mgm.  atropine 
aulphate 

One  half-hour 

3.3 
4.0 
6.0 

1.8 
6.2 

7.8 
6.9 

1.7 
2.2 
2.8 
2.6 

3.0 
6.8 
19.0 

2.d 
9.0 
17.1 
18.7 

3.4 
11.0 

17.4 
UA 

2.5 
2.9 
2.5 
2.5 

2.0 
2.2 
3.8 
4.3 

1.0 
1.5 
3.9 
9.5 

3.8 
8  3 

ll.O 

TABLE  S 

Effect  of  atropine  on  total  add  partition  in  the  gaetrie  juice  after  etandard  nual 


«,a.. 

. 

.0O« 

DOO 

vn 

»o< 

■x 

™"  ■*"■'*" 

.y^-m^'^^d- 

!iy<£^iri?^d 

-.•as 

PeroeottoUl 

On    h 

0.48 
0.48 

0.45 
0.51 

0-36 
0.48 

0.55 
0.58 

0.51 
0.57 

0.55 
0.68 

0.34 
0.46 

0.36 
0.48 

0.20 
0.40 

0.05  mgm. 
atropine 
Bulphate 

0.05  mgm. 
atropine 

sulphate 

0.025  mgm.  atropine 
sulphate 

0.47 
0,36 
0.43 

0.51 
0.41 
0.45 
0.46 
0.42 

0.46 
0.27 
0.35 
0.33 

0.54 
0.46 

0.51 

0.58 
0.46 
0.65 
0.67 
0.58 

0.58 
0.51 
0.64 
0.5B 
0.58 

0.46 
0.37 
0.31 

0.27 

0.43 

0.36 
0.42 

0.33 

0.36 
0.60 
0.50 

0  51 

One  hour 

One  hour 

closely  those  of  total  acid  they 


'Since  the  free  acid  curve  figures  followed  s 
are  omitted  for  the  sake  of  brevity. 

quantity  output.    Thia  comes  on  in  the  firat  half-hour  and  with  these 
doses  perBiBts  for  one  and  one-half  to  two  hours.    The  acidity  (table  3) 
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is  only  elightly  reduced.    Indeed  one  may  consider  the  acidity  changes 
well  within  the  limits  of  variation  of  normal  stomachs  on  a  test  meal. 
However  if  the  dose  of  atropine  be  increased  to  0,1  to  0,2  mgm.  then 
the  drop  in  acid  is  unmistakable. 
These  facts  are  quite  clearly  illustrated  in  the  attached  protocol. 


Dog  VIII.    Pawlow  stomach 

™- 

QOAWTDT 

TOTAI.  HISmOCHLOaKI  AOTD 

M. 

peraal 

jwenrt 

10:20 

Fed  the  standard  meal 

lli20 

15.5 

0.46 

0.49 

12:20 

17.0 

0,63 

0.66 

12:24 

Injected  0.2  mi 

m.  atropine  sulphate  ir 

12:64 

1.6 

0.4S 

0.55 

1:24 

0.4 

0,27 

0.38 

2:24 

1.2 

0.04 

0,07 

3:24 

1.4 

0,00 

0.02 

4:24 

1.0 

0.12 

0.21 

It  is  clear  that  a  50  to  80  per  cent  reduction  in  the  quantity  output 
may  be  made  without  affecting  the  acid  concentration.    When,  how-  , 
ever,  the  reduction  is  greater  than  this,  then  changes  in  the  acid  are 
noted. 

Pepsin.  If  we  measure  the  pepsin  content  by  Mett's  tubes  and 
express  the  concentration  in  the  square  of  the  millimeter  of  albumin 
digested  by  the  juice  diluted  to  twice  the  original  volume  in  0.3  per 
cent  HCl,  then  the  following  table  (table  4)  shows  the  immediate  and 
definite  effect  of  the  intramuscular  injection  of  such  small  doses  as 
0.05  to  0.025  mgm.  atropine  sulphate. 

In  a  normally  secreting  stomach  as  the  quantity  of  juice  is  increased  the 
concentration  of  peptic  units  falls.  Thus  in  d(^  VIII,  the  quantity  rose 
from  4  cc.  per  hour  to  9.2  cc.  per  hour,  while  the  pepsin  concentration 
expressed  in  squares  of  millimeters  of  albumin  digested  in  Mett's  tubes 
fell  from  12.25  to  2.56.  In  the  case  of  di^  IX,  the  quantity  rose  from 
3.5  cc.  to  16.9  cc.  while  the  concentration  fell  from  5.76  to  2.72.  At 
the  close  of  a  period  of  normal  digestion,  the  reverse  of  this  occurs; 
the  quantity  drops  and  the  concentration  per  cubic  centimeter  rises. 
This  condition  is  in  sharp  contrast  to  that  occurring  after  the  injection 
of  atropine.  Here  both  the  quantity  of  gastric  juice  and  the  pepsin 
concentration  show  an  inomediate  reduction.  In  other  words,  we  have 
a  definite  inhibition  or  toxic  action  on  the  secretory  mechanism.     We 


lizcd^yGoOl^Ie 


474 


KEETON,  LUCEHARDT  AND  EOCH 


may  then  place  the  aecretion  of  pepsin  along  with  that  of  the  quantity, 
and  say  that  when  these  two  are  affected  the  mecbanifflu  has  received 
a  first  degree  or  first  level  dunage.  When  the  acid  is  lowered,  the 
damage  is  of  the  second  degree  or  to  a  second  lower  level. 

Effect  of  atropijie  on  gastrin  stimuialion^  In  studyii^  this  phase  of 
the  problem  an  attempt  was  made  to  secure  a  dose  of  gastrin  which 
woiild  throw  the  gastric  secretory  mechanism  into  a  miiform  rate  of 
activity,  and  then  give  increasing  doses  of  atropine. 

The  stimulating  dose  of  gastrin  chosen  was  0.25  cc.  of  Sb6B.  This 
was  a  partly  purified  preparation  obtained  by  removing  proteins  and 
other  inert  substances  by  alcohol  and  basic  lead  acetate  precipitations. 

TABLE i 

Effect  of  atropine  on  pepnn  content  under  food  stimulation 


»^E 

»o,,x 

One  hour 

12.25  4.41 
2.66  1.21 

4.42 

6.76     5.76 
2.72 

0,025  mgm. 

0.05 
mgm. 

0,025  mgm. 

mgm. 

1.64 
1.21 
8.51 

0,12 
0.06 
1.44 

1.0 
1.21 

4.84 
2.96 

4.41 
6.25 

3,06 
1.69 
1.60 
1.66 

16.81 

Note  the  return  of  peptic  content  to  normal  bh  the  effect  of  the  atropine  wears 
off. 

The  gastrin  was  given  three-fourths  to  one  hour  after  the  atropine. 
Both  the  atropine  and  the  gastrin  were  injected  intramuscularly.  The 
results  are  shown  in  table  5. 

The  animal  began  to  show  signs  of  toxicity  with  0.8  mgm.  atropine 
but  took  food  at  the  end  of  the  experiment.  It  will  be  noted  that  the 
secretion  was  inhibited  quite  as  much  by  the  0.2  as  0.8  mgm.  and  that 
it  took  a  generally*  toxic  dose,  2.4  mgm.,  practically  to  abolish  the 
secretion. 

1  Since  completing  this  work  our  attention  was  called  to  an  article  by  Maydell 
(DiHsert.  Kiev,  1917,  170)  in  which  according  to  the  reviewer  "atropine  dimin- 
JBhcB  the  secretory  effect  of  gastric  secretin"  (cited  from  Physiological  Abstracts, 
1917-18,  II,  146.    AbBtr.  no.  1700). 
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Effect  0}  inereating  doses  of  atropine  on  gtuirin  tlimulalion 

AnOFIHB 

OARUH 

™. 

irLraATi 

Free. 

Total 

■via. 

«. 

ec. 

IWHItl 

mrcml 

None 

0.25       1 

l9t  hour 
2nd  hour 

3.0 
0.25 

0.23 
0.22 

0.26 
0.26 

0.2 

0.26       { 

iBt  hour 

1,8 

0.25 

0.27 

2nd  hour 

0.5 

0.00 

0,09 

0.8 

0.25 

lat  hour 

1.7 

0.28 

0.30 

2.4 

0.25       { 

Ist  hour 
2nd  hour 

O.fl 
0.2 

0.18 

0.22 

It  was  next  of  interest  to  know  the  effect  on  the  secretion  of  increas- 
ing the  dose  of  gastrin.    The  protocols  of  two  experiments  follow. 

Dog  III.     PatcloiB  gtomach 


Control  experiment 


«.                                     p6rc«a                                jm-ttfU 

8:50 

Dressed 

9:50 

0.3                                0.00                               trace 

9:50 

1  cc.  gastrin  (Sb6B)  intramuecularly  (4  times  the  minimal  secre- 

tory dose) 

10:50 

6.2                                0.28                                0.37 

11:50 

8,8                                0.46                                0.48 

12:36 

4.1                                0.43                                0.46 

Atropine  experiment  on  the  same  dog 

10:10 

11:10 

1  CO.  gastrin  (Sb6B)  mtramuaoularly 

12:10 

3.5                                0.23                                0.27 

1:10 

5,3                                0.41                                0.47 

2:10 

2.4                                0,38                                0.41 

The  dose  of  atropine,  2.4  mgm.,  which  had  completely  inhibited 
the  secretion  from  0.25  cc.  of  gastrin  has  depressed  the  secretion  only 
(40  per  cent)  when  the  dose  of  gastrin  was  quadrupled.    Duplicate 
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experiments  were  run  on  doge  IV  and  V  with  striking  confirmation  of 
the  findings  expressed  above. 

Working  in  the  ranges  of  toxic  doses  the  following  experiments 
are  of  interest  as  showing  the  quantitative  antf^onistic  reUtions  of 
the  two  preparations. 

Effecl  of  atropine  on  histamine  stimuUUiim.  The  quantitative  antag- 
onism of  the  gastrin  series  also  holds  for  histamine  and  atropine.  This 
is  beautifully  illustrated  in  table  7  below. 

The  question  natually  arises  whether  it  is  possible,  by  giving  doses 
of  atropine  sufficiently  toxic,  to  render  the  gastric  mechanism  insensi- 
tive to  histamine  stimulation.  For  this  two  gastric  fistulae  animals 
were  selected  since  a  qualitative  rather  than  an  absolute  quantitative 
result  was  desired.  The  protocols  of  experiments  in  which  20  to  21 
mgm.  of  atropine  sulphate  (approximately  3  mgm.  per  kilo  body 
weight)  were  administered  are  appended.  In  these  an  unquestionable 
secretion  is  present,  although  it  is  reduced  in  quantity. 


Dog   VII.    Gaslrie  fistula 

..« 

.mc. 

rR««™»OCBLO».C.C,0 

»r.L  .„..„,„..«■. 

a. 

p«-«nl 

iwonl 

9:45 

Dreaeed 

10:15 

2.0 

0,03. 

0,01 

11:15 

3.0 

0.00 

O.Ol 

11:30 

Injected  20  mgm.  atropine  sulphate  (iutramuBcularly) 

12:00 

2.0                1                0.00                1                0-03 

12:00 

Injected  0.5  mem.  histamine  hydrochloride  (intramusculftTly) 

12:30 

12,8                                0.38                j                0.46 

1:00 

7.6                                0.48                I                0.63 

1:40 

0.5 

Present  not 

determined 

Two  other  experiments  on  the  same  animal  yielded  similar  results. 
Dog  VI  (gastric  fistula)  also  gave  definite  secretion  after  similar  gen- 
erally toxic  doses  of  atropine  (3.5  mgm.  per  kilo  body  weight).  It  is 
further  interesting  to  note  that  the  histamine  always  increased  the 
general  toxic  symptoms  already  produced  in  the  animal  by  the  atro- 
pine, rather  than  neutrahzing  them. 

Relative  efficacy  of  food  and  histamine  atimrdation.  In  a  previous  sec- 
tion it  has  been  shown  that  a  food  stimulation  can  be  completely 
inhibited  by  1  mgm.  of  atropine,  and  yet  we  have  just  seen  that  21 
mgm.  of  atropine  were  not  sufficient  to  inhibit  the  secretion  from  0.5 
mgm.  of  histamine.     In  order  to  test  this  relationship  more  clearly  an 
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Effect  o}  alTopine  on  tht  Mlitmilatioa  produced  by  the  intTamuaeular  injeelion  of  t 
ee.  gtutrin  (SbSB).  Dog  IV — Pawlow  atomach.  The  gaatrin  wot  ii%jeeUd  three- 
fourtha  to  one  hour  after  the  atropine. 


ATwmm 

Tim 

™„ 

BTDBOCBI^HID  iOB 

■rifBATl 

Fr» 

Toul 

1WM- 

«. 

K. 

ptrctfU 

fxrcMl 

None 

'     { 

let  hour 
2nd  hour 

10.1  ■ 
2.6 

0.32 
0.27 

0,36 
0.36 

2.4 

>     ( 

1st  hour 
2iid  hour 

3.5 
2.3 

0.27 
0.32 

0.32 
0.36 

3.2 

'     { 

Ist  hour 
2nd  hour 

2.9 
0.5 

0.27 
0.20 

0.32 
0.26 

4 

■     ( 

1st  hour 
2nd  hour 

3.0 
1.3 

0.16 
0.32 

0.23 
0.36 

Effect  of  atropine  sulphate  an  stimulation  by  0.5  mgm.  hiatamine  hydroehioride 
both  injected  intram'uscularly 


BTDBO- 

TIIIB 

...„„ 

P.™, 

„o-.™ 

.o«,x. 

P.WI^W 

„OM.O- 

;s^™ 

Juice 

Hydrojhbri. 

JiOce 

ncid 

Free 

Total 

Free 

Total 

mom. 

ntrm 

ptrant 

ptrani 

pwctnl 

ptrctnt 

None 

0.5 

lat  hour 
2nd  hour 

10.5 
1.0 

0.27 
0.15 

0.38 
0.22 

21.8 
2.6 

0.56 
0.37 

0.60 
0.41 

0.026 

0.5 

1st  hour 
2nd  hour 

6.0 
0.6 

0,36 

0.04 

0.44 
0.01 

16.2 
2.2 

0.48 
0.29 

0.68 
0.41 

0.05 

0.5 

1st  hour 
2nd  hour 

0.6 
0.1 

0.27 

0.33 

10.0 
1.0 

0.38 
0.36 

0.^ 
0.4a 

0.1 

0.5 

let  hour 
2nd  hour 

2.0 
1.0 

0.18 
0.25 

0.32 
0.30 

7.0 
0.2 

0.37 

0.50' 

0.2 

0.5 

let  hour 
2nd  hour 

2.1 
0.5 

0.19 
0.23 

0,23 
0.31 

6.6 
0.6 

0,41 
0.44 

0.46 
0.48 
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experiment  was  run  in  wbicli  the  secretion  induced  by  food  was  in- 
hibited by  atropine  and  then  started  by  histamine. 


Dog  Vni.    Paulou  tUmach 

r,M. 

,v,c. 

„».T..OOH«,«0^ 

a. 

ixrwtl 

IMretiil 

9:50 

Dressed 

10:60 

1.4     . 

11:00 

Ate  staodard  meal 

12:00 

2.0 

0.00 

0.07 

1:00 

13.0 

0.30 

0.36 

1:10 

Injected  0.5  msm.  atropine  sulphate  (intnunusoulaily) 

1:40 

1.5 

0.23                                0.30 

2:10 

0,4 

Trace  not  estimated 

2:15 

2:45 

7.8 

0.43 

0.47 

8:25 

3.8 

0.44 

0.48 

3:45 

2.2 

0,39 

0.42 

4:30 

4.0 

0.40 

0.45 

An  experiment  run  on  the  same  animal  two  days  later  showed  the 
period  of  inhibition  for  0.5  mgm.'of  atropine  sulphate  under  food 
stimulation  to  be  approximately  three  hours  and  other  experiments 
have  shown  th&t  injections  of  histamine  hydrochloride  falling  on  an 
empty  stomach  rarely  produce  secretion  for  a  period  of  over  one  and 
one-half  hours.  With  these  facts  before  us  the  examination  of  the  pro- 
tocol above  shows  that  the  atropine  inhibited  the  food  secretion,  that 
the  histamine  stimulated  the  mechanism  immediately,  in  its  usual 
fashion,  and  that  just  as  the  results  of  the  latter  stimulation  came  to  a 
standstill  the  food  secretion  reasserted  itself. 

DISCUSSION 

QualiUUive  changes  in  gastric  juice  under  atropine  injection.  Our 
findings  on  the  effect  of  atropine  on  secretion  under  food  stimulation 
agree  well  with  those  of  Riegel  (4)  for  the  stomach  and  of  Bylina  (5) 
for  the  pancreas.  The  latter  has  studied  the  question  more  completely 
and  he  finds  a  reduction  in  quantity  of  juice,  acid,  total  nitrogen, 
enzyme  and  dried  residue.  Our  results  show  that  the  pepsin  and 
quantity  output  are  first  affected.  The  concentration  of  acid  may  be 
maintained  until  the  quantity  has  been  reduced  50  per  cent  to  80  per 
cent,  after  which  it  in  turn  rapidly  decreases.    Attention  has  already 
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hwia  called  to  the  observatioa  that  with  rapid  increaae  in  the  quantity 
of  juice  secreted  by  a  nonnal  stomach  the  acid  keeps  pace  and  is  able  to 
maintun  itself  at  a  high  concentration.  On  the  other  hand  the  pepsin 
partition  lags  behind  to  such  an  extent  that  its  concentration  in  reality 
becomes  quite  low.  Further,  one  of  the  authors  (6)  has  previously 
shown  that  m  parathyroid  tetany  a  juice  of  fairly  high  acid  content 
and  extremely  low  peptic  activity  is  frequently  secreted.  All  of  these 
observations  suf^est  that  the  mechanisms  pi  the  acid  and  pepsin  secre- 
tion are  not  the  same,  and  that  under  different  states  of  the  gastric 
mucosa,  \riiich  may  occur  in  the  course  of  a  nonnal  d^estion  period  or 
be  induced  experimentally,  these  mechaiusms  may  respond  differently 
to  the  same  stimulus. 

Site  of  action  of  atropine  and  ga^rin  bodiea.  A  quantitative  antago- 
nistic idatioD  appears  to  exist  between  atropine  on  one  hand  and  gastrin 
and  histamine  on  the  other.  With  a  fixed  small  dose  of  gastrin  or  his- 
tamine the  secretion  can  be  practically  inhibited  by  raising  the  doae 
of  atropine.  However,  generally  toxic  doses  of  atropine  which  are 
short  of  the  lethal  point  do  not  completely  inhibit  secretion  when  the 
gastrin  dosage  is  increased.  Secretion  can  therefore  always  be  obtained 
by  these  bodies  after  atropine. 

Certain  generalizations  have  grown  out  of  the  use  of  atropine  in  the 
study  of  secretory  mechanisms.  One  generaUzation  is  to  the  effect 
that  atropine  inhibits  secretion  originatii^  from  nervous  mechanisms, 
but  not  that  from  a  chemical  or  hiuuoral  origin.  In  the  case  of  the 
salivary  glands  it  has  been  shown  that  after  atropine  the  chorda  tym- 
pani  is  no  longer  able  to  excite  secretion,  but  sympathetic  stimulation 
usually  causes  a  flow  of  saliva.  This  localizes  the  action  of  atropine 
to  the  terminations  of  the  chorda  lingual  nerve.  These  studies  were, 
however,  carried  out  under  ether  anesthesia. 

Bayliss  and  Starling  (7)  state  that  it  is  impossible  to  paralyze  the 
flow  of  pancreatic  juice  produced  by  secretin  by  any  dose  of  atropine 
although  they  do  not  specifically  state  what  dosages  were  used.  They, 
too,  worked  under  ether  anesthesia. 

Bylina  (5)  found  that  0.005  gram  atropine  reduced,  but  did  not  abol- 
ish the  flow  of  pancreatic  juice  obtained  by  introducing  HCl  into  a 
duodenal  fistula,  and  neutral  oil  and  sodium  oleate  into  stomach.  In 
other  experiments  he  drained  the  gastric  juice  from  a  fistula  so  that 
none  was  escaping  into  the  duodenum  and  found  a  spontaneous  fast- 
ii^  secretion  of  the  pancreas  which  was  changed  and  reduced,  but  not 
abolished  by  a  similar  dose  of  atropine.    He  reviews  the  literature 
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rather  carefully  and  emphasizefi  the  neceeaity  of  workup  with  chronic 
fistulae  and  without  the  use  of  ether.  He  interprets  all  these  findingB 
to  mean  that  the  nervous  element  in  secretion  is  involved  to  the  extent 
to  which  a  reduction  in  secretion  has  occurred. 

Von  Anrep  (8)  working  with  decerebrated  dogs  found  that  atropine 
paralyzes  the  secretory  but  not  the  inhibitory  fibers'  in  the  v^us  going 
to  the  pancreas.  This  effect  is  not  a  vascular  one,  for  careful  measure- 
ment of  blood  flow  through  the  gland  shows  that  the  vi^i  carry  no 
vasomotor  fibers.  The  inhibitory  fibers  he  believes  are  really  motor 
fibers  to  the  ducts  which  analogy  su^^ests  should  be  lUfected  by  the 
atropine  also. 

Mathews  (9)  studying  the  secretion  of  saliva  f^ter  damping  the 
blood  supply  to  the  gland  emphasized  the  view  that  the  action  of 
atropine  is  rather  on  the  cell  than  on  the  terminations  in  the  chorda 
tympani.  He  presented  no  conclusive  evidence  supporting  this  view, 
but  insisted  its  adoption  was  a  more  plausible  explanation  of  the  facts 
in  hand. 

Popielski  (10)  observed  that  the  decreased  coagulability  of  the  blood 
drawn  from  the  vena  sub-maxillaris  interna  as  brought  about  by  stim- 
ulation of  the  chorda  tympani  was  t^ain  increased  in  coa^tability  by 
the  injection  of  15  cc.  of  0.1  per  cent  atropine  sulphate  solution.  Fur- 
ther, that  if  at  the  time  of  the  most  marked  atropine  effect  the  chorda 
is  agam  stimulated  the  increased  coagulability  remains  and  we  have 
no  fiow  of  saliva.  Similarly  he  found  atropine  to  increase  the  coagu- 
labihty  of  blood  rendered  less  coagulable  by  the  injection  of  barium 
chloride  or  pilocarpine.  However  the  decreased  coagulability  and  the 
secretion  of  saliva  brought  about  by  stimulation  of  the  sympathetic 
nerves  to  the  salivary  gland  is  not  overcome  by  atropine. 

We  certainly  are  far  from  knowing  the  site  of  action  of  atropine. 
The  whole  subject  needs  reinvestigation.  We  can  at  least  say  that 
while  the  terminations  of  the  vagi  may  be  affected  by  atropine  they 
are  not  the  sole  site  upon  which  the  drug  is  acting  in  reducing  the 
secretion  under  histamine  or  gastrin  stimulation.  Our  previous  studies 
have  shown  that  doubly  vagotomized  animals  give  excellent  secretion 
following  the  injection  of  these  substances.  There  remains  to  be 
considered  the  nervous  element  in  Auerbach's  plexus  and  the  cell  itself. 
So  far  as  histamine  and  gastrin  are  concerned  the  decrease  m  secretion 
is  a  uniform  reciprocal  of  the  dose  of  atropine.  The  curve  is  a  uniform 
one  with  no  irr^ularities.  The  food  stimulation  is  very  readily 
inhibited  by  atropine  but  subsequent  injections  of  histamine  showed 
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the  mechanism  to  be  still  quite  aenMtiTe  to  this  excitant.  Further, 
there  appears  to  be  one  irregularity,  in  its  curve  of  decrease;  the  acid 
concentration  is  well  maintained  after  the  quantity  and  peptic  parti- 
tions have  suffered  seriously. 

We  therefore  surest  that  in  the  ranges  within  which  atropine  para- 
lyzes the  food  secretion,  its  point  of  action  is  largely  nervous  (termi- 
nations of  vagi  and  Auerbach's  plexus) ;  in  larger  doses  (1  mgm.)  erf 
atropine  sulphate  its  action  must  be  largely  on  the  gland  cdls.  If  the 
phsrsiological  secretion  of  juice  is  in  any  way  dependent  on  substances 
such  as  histamine  and  gastrin,  then  we  would  suggest  that  these  bodies 
may  be  Uberated  under  nervous  influences.  Once  Hberated  they 
become  the  effective  agent  in  arousing  the  gastric  cell  directly  to  activ- 
ity. '  Take  as  an  illustration  dog  IX  which  secreted  15  to  18  cc.  of 
juice  an  hour  on  a  standard  meal,  a  secretion  which  was  inhibited 
completely  by  0.5  mgm.  of  atropine.  The  same  animal  secreted  21 
cc.  of  juice  on  0.5  mgm.  of  histamine.  After  the  same  dose  of  atropine 
(0.5  mgm.)  the  quantity  still  amounted  to  14  cc.  per  hour.  It  is  easy 
to  see  how  the  secretion  might  be  blocked  at  the  site  of  the  nerves 
with  their  lower  threshold  of  sensitivity  to  atropine. 

The  general  toxic  effect  of  atropine  may  be  expressed  in  nervous 
depression  or  exaltation,  restlessness  and  vomiting.  All  of  these 
symptoms  indicate  that  the  atropine  effect  is  now  on  the  general  body 
cells.  Toward  this  general  poisoning  the  gastric  cells  appear  to  be 
neither  more  sensitive  nor  more  resistant.  The  evidence  of  their 
poisoning  is  found  in  their  progressive  failure  to  respond  to  stimula- 
tion. Thus  the  lethal  dose  (for  the  animal)  of  atropine  becomes  the 
one  of  complete  inhibition  for  gastrin  bodies.  This  conforms  with  our 
findings  that  an  inhibitory  dose  to  food  stimulation  is  not  a  generally 
toxic  one.  However,  when  once  these  chemical  excitants  (gastrin 
bodies)  are  liberated  then  only  a  generally  toxic  dose  of  atropine, 
which  abolishes  not  only  the  secretion  of  the  gastric  glands  but  also 
modifies  all  other  protoplasmic  activities,  must  be  used  before  the 
secretion  can  be  arrested. 

If  this  view  should  prove  correct  we  have  the  analt^y  with  the 
pancreas  as  follows:  Pancreatic  secretin  originates  in  the  duodenal 
mucosa  at  a  point  where  the  effective  stimulus  (HCl)  is  normally  pres- 
ent. Much  discussion  has  centered  about  what  part  the  nerves  here 
play  in  the  hberation  of  secretin  from  pro-secretin.  The  blood  must 
now  transfer  the  secretin  to  the  pancreas.  In  the  case  of  the  stomach 
the  whole  mechanism  is  condensed  within  the  mucosa  of  the  stomach 
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for  here  the  efFeoUve  stimuIuB,  whatever  it  be,  cod  liberate  the  gastrin 
renderiBg  it  immediately  available  for  secretory  Btimulation.  At  this 
point  attention  is  called  to  the  fact  that  through  a  rather  extended 
series  of  experiments  (2)  we  have  never  been  able  to  find  any  gastrin 
bodies  in  the  gastric  juice,  which  is  in  keeping  with  this  view. 

Finally,  it  is  evident  that  two  such  classes  of  drugs  as  histamine  and 
gastrin  on  the  one  hand  and  atropine  on  the  other  have  no  power  of 
neutraJizii^  each  other.  The  effect  of  combined  doses  is  to  increase 
rather  than  to  diminish  the  toxicity  on  the  general  cells  of  the  body 
uung  the  nervous  s^tem  as  an  index.  In  small  doses  they  are  possibly 
acting  upon  the  secretory  structures  at  different  sites.  In  larger  doses 
the  antagonism  is  transferred  to  the  gland  cell,  whose  response  or 
inhibition  during  viability  is  determined  by  the  concentrations  of 
atropine  and  gastrin  bodies  presented  to  the  cell  at  any  given  imit  of 

CONCLUSIONS 

1.  A  stimulation  of  the  gastric  glands  with  food  is  completely  in- 
hibited in  the  dog  over  a  period  of  more  than  five  hours  by  the  intra- 
muscular injection  of  1  mgm.  of  atropine  sulphate.  This  inhibitory 
dose  is  not  a  generally  toxic  one. 

2.  The  quantity  and  pepsin  concentration  are  immediately  and  pro- 
greesively  reduced  by  doses  of  atropine  sulphate  as  small  as  0.025  mgm. 
The  acid  concentration  is  not  affected  until  the  quantity  has  been 
reduced  by  an  amount  approximately  50  to  80  per  cent  of  its  original 
value. 

3.  Gastrin  and  histamine  on  the  one  hand,  and  atropine  on  the  other, 
have  a  quantitative  antagonistic  effect  on  gastric  secretion.  By 
increasii^  the  dose  in  either  class  of  substances  a  secretion  or  inhibition 
can  be  obtained. 

4.  Gastrin  and  histamine  stimulation  occur  following  injections  of 
quantities  of  atropine  which  appear  to  be  just  short  of  the  lethal  dose. 

5.  The  antagonism  does  not  consist  of  a  chemical  neutralization 
since  each  substance  increases  the  general  toxicity  of  the  other  for 
body  cells  if  the  nervous  system  be  taken  as  an  index. 

6.  The  view  is  favored  that  in  small  doses  atropine  and  gastrin 
bodies  attack  the  secretory  mechanism  at  different  points;  in  larger 
doses  the  site  of  their  action  is  transferred  to  the  gland  cell. 

7.  If  gastrin  and  related  bodies  are  of  physiological  importance  it  is 
suggested  that  they  may  be  liberated  by  secretory  nerves  and  that 
they  then  become  the  active  excitii^  agent  of  the  cell  to  secretion. 
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In  a  previous  paper  (1)  we  concluded  that  in  the  cat  after  tran- 
section of  the  spinal  cord  in  the  cervical  r^on  the  epinephrin  output 
is  not  abolished,  but  ia  still  sustained  from  the  upper  thoracic  cord. 
In  acute  experiments  it  was  shown  that  the  previous  rate  of  output 
might  continue  unchanged  after  the  cervical  cord  transection,  indi- 
cating that  the  mechanism  in  the  thoracic  cord  was  actually  func- 
tioning at  the  moment  of  the  cervical  section.  It  is  obvious  that  if 
there  is  an  epinephrin-secretory  center  in  the  thoracic  cord  it  may  be 
subject  to  spinal  shock  after  lesions  of  the  cervical  cord  like  other 
spinal  centers,  and  that  the  susceptibility  to  shock  might  be  expected 
to  vary  in  different  kinds  of  animals  and  might  be  infiuenced  by  the 
experimental  conditions,  especially  the  circulatory  changes  caused  by 
the  cervical  lesion.  In  the  present  research,  accordingly,  we  have 
employed  not  only  cats,  but  also  dogs  and  one  or  two  monkeys  and 
rabbits,  and  have  eliminated  the  upper  portions  of  the  central  nervous 
system  in  cats  by  ligation  of  their  arterial  supply  as  well  as  by  the 
knife.  The  stimulating  action  of  strychnine  upon  the  central  mechan- 
isms governing  the  epinephrin  output  having  become  known  to  us 
since  our  last  paper,  we  have  made  a  number  of  experiments  in  which 
this  drug  was  used  after  the  cervical  transection,  in  order  to  see  whether 
the  epinephrin  output  was  increased  by  it,  as  is  the  case  when  the 
nervous  system  is  intact  and  the  epinephrin  being  liberated  at  the 
ordinary  rate. 

Note.  By  "ordinary  output"  or  "normal  output"  we  mean  an  output  within 
the  range  observed  by  ua  in  animala  in  which  we  have  not  purposely  used  pro- 
cedures calculated  to  alter  the  output  (such  aa  the  administration  of  drugs  like 
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atryohnine  orartificialatimuIatiDn  of  the  splanchnic  Dervee).  Id  referring  to  this 
normal  output  ire  often  use  the  pbnse  "under  our  eKperimental  conditione,"  or 
vords  to  that  effect.  If  we  Bometimes  omit  this  qu&lifying  phrase  it  is  simply 
because  its  continual  repetition  becomes  tedious.  It  is  quite  true  that  as  we  have 
gone  on  and  have  seen  within  how  relatively  narrow  a  range  the  output,  aa  meaa* 
ured  by  UB,  varies  with  different  anesthetics  and  different  operations,  we  have 
inevitably  tended  more  to  the  opinion  that  a  quantity  which  is  not  demonstrably 
affected  by  changes  in  such  important  experimental  conditions  must  depend  upon 
something  more  fundamental  than  the  anesthesia,  opening  of  the  abdomen,  etc. 
The  fact  that  the  output  in  one  and  the  same  acute  experiment  is  sensibly  the 
aame  when  adrenal  blood  is  first  obtained  as  it  is  later  on  when  additional  opera* 
tive  procedures  have  been  employed,  suggests  that  what  we  term  the  ordinary  or 
normal  spontaneous  output  is  not  initiated  or  sustained  by  the  trauma.  Cannon 
(2)  has  affirmed  that  there  is  no  doubt  that  opening  (he  abdominal  cavity  under 
anesthesia  results  in  a  discharge  of  impulses  along  the  splanchnic  fibers  governing 
the  adrenal  secretion.  "The  adrenal  glands,  therefore,  are  continuously  and 
abnormally  stimulated  if  the  abdomen  is  opened."  The  only  evidence  he  offers 
for  this  is  the  statement  that  opening  the  abdomen  causes  impulses  to  descend  the 
splanchnic  fibers  to  the  intestines  which  inhibit  their  movements.  As  the  adre- 
nal secretory  fibers  are  also  sympathetic  and  run  in  the  splanchnics  they  must  be 
stimulated  too.  It  would  be  just  as  logical  to  say  that  as  vasoconstrictor  fibers  for 
the  splanchnic  area  are  sympathetic  and  run  in  the  splanchnics  they  must  also  be 
stimulated  and  therefore  there  should  be  a  marked  rise  of  blood  pressure  due  to 
splanchnic  vasoconstriction  on  opening  the  abdomen.  The  only  way  of  showing 
that  opening  the  abdomen  increases  the  epinephrin  output  is  to  prove  it  experi- 
mentally and  this  has  not  been  done.  The  same  is  true  of  the  alleged  influence 
of  anesthetics.  Cannon  says  "evidence  exists  in  the  inhibitory  influence  of  an- 
esthesia on  gastro-intestina]  movements  that  anesthesia  alone  can  arouse  splanch- 
nic impulses."  And  among  these  he  obviously  includes  impulses  passing  along 
the  splanchnics  to  the  adrenals  to  increase  the  epinephrin  output.  Yet  be  has 
stated  in  another  paper  (3)  that  he  has  found  anesthesia  by  urethane  to  be  "in 
fact  unattended  by  any  increase  of  adrenal  secretion  demonstrable  by  our  tests," 
Now  if  urethane  does  not  increase  the  output,  ether  and  morphine  certainly  can- 
not do  so  since  we  have  found  the  output  with  these  anesthetics  less  if  anything 
on  the  average  than  with  urethane.  While  we  do  not  think  that  Cannon's  work 
has  shown  anything  at  all  as  to  the  influence  or  want  of  influence  of  urethane  upon 
the  epinephrin  output,  and  he  has  published  no  experimental  data  whatever  upon 
this  point,  his  conclusion  that  the  employment  of  an  anesthetic  has  no  influence 
upon  the  results  of  his  own  experiments  whereas  the  employment  of  the  same 
anesthetic  vitiates  ours,  is  somewhat  puzzling.  But  not  only  can  he  use  urethane 
with  impunity,  while  he  indicates  that  we  cannot  do  so,  but  he  can  open  the  abdo- 
men, of  course  under  anesthesia,  and  still  obtain  a  certain  reaction  with  asphyxia 
which  be  interprets  as  proving  an  increasedoutput  of  epinephrin,  whereas  he  says 
that  when  we  open  the  abdomen  we  immediately  deprive  ourselves  of  all  possi- 
bility of  obtaining  evidence  of  any  such  effect  since  we  are  working  with  an  animal 
under  an  anesthetic  and  with  opened  abdomen.  Cannon's  suggestion  that  the 
reason  we  fail  to  obtain  evidence  of  an  increased  output  of  epinephrin  in  such  con- 
ditions as  asphyxia  is  that  the  opening  of  the  abdomen  produces  a  secretion  which 
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is  "uneurpaBsable. "  This  suggestion  is  inconsiatent  with  his  own  stAtementB 
that  the  output  of  epinephrin  caused  by  Btimtilation  of  the  central  end  of  the 
sciatic  is  "from  5  to  25  times  the  amount  reftarded  by  Stewart  and  RogoS  as  the 
normal  output,"  and  that  the  reaction  on  which  he  relies  to  demonstrate  the  in- 
creased output  is  elicited  in  equal  intensity  by  asphyxia.  ' 

The  results  of  the  greater  part  of  the  experiments  are  condensed 
into  three  tables.  Only  a  sufficient  number  of  protocols  to  illustrate 
the  various  types  of  experiment  or  to  illustrate  experiments  which 
could  not  be  tabulated  have  been  introduced. 

ACUTE   EXPERIUENTS  ON   CATS 

In  table  1  are  shown  the  results  of  acute  experiments  on  cats  in 
which  the  epinephrin  output  was  assayed  on  rabbit  intestine  (and 
uterus)  segments  before  and  after  transection  of  the  cervical  cord. 

In  three  of  the  cats  (350,  407  and  67)  the  output,  which  was  of  the 
ordinary  magnitude  before  the  cord  section,  remained  practically 
unaltered  by  that  operation.  The  data  on  one  of  these  animals  have 
already  been  published  (1),  but  for  the  sake  of  com'pleteness  they  are 
included  in  the  table.  In  one  of  these  cats  (407)  the  intravenous 
injection  of  strychnine  after  transection  of  the  cord  raised  the  output 
of  epinephrin  to  seven  times  the  initial  value.  As  the  experiment 
illustrates  at  the  same  time  the  possibility  of  dividing  the  cervical 
cord  without  reducing  the  epinephrin  output  and  without  interfering 
with  the  characteristic  action  of  strychnine  upon  the  output,  the 
condensed  protocol  is  reproduced. 

Condented  protocol.    Cat  407;  femalt;  wetght,  $.V>  ifgm. 

fl.05  a.m.  AueBthetized  with  ether,  inserted  oannulae  into  trachea,  carotid  ar- 
tery and  external  jugular  vein.  Obtained  a  specimen  of  indifferent 
(jugular)  blood. 

0.20  a.m.  Exposed  cord  below  mid-cervical  region.  Made  cava  pocket,  tying 
coeliac  axis,  renal  and  mesenteric  arteries  and  abdominal  aorta 
(above  bifurcation)  in  addition  to  the  veins  entering  the  cava 
pocket. 

9.45  a.m.    Cava  pocket  completed.    Collected  adrenal  blood. 

S.4$i  a.m.  First  specimen,  1.9  gram  in  30  seconds  (3.8  grams  per  minute). 

9.49  a.m.    Second  specinfen,  4.85  grams  in  90  seconds  (3.2  grams  per  minute) . 

9.5S  a.m.    Blood  pressure  103  mm.  of  mercury. 

10.00  a.m.  Transected  cord  above  the  origins  of  the  6th  pair  of  cervical  nerves 
(position  of  section  was  verified  at  autopsy).  Spontaneous  respi- 
ration continued;  artificial  respiration  not  employed.  After  cord 
section  the  pupils  were  about  one-third  dilated  and  eye  reflexes 
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10.03  a.m.    Blood  pressure  60  mm.  of  mereuiy. 

10.05  a.m.    Third  ftdremtl  apeoimen,  collected  for  30  seconds  (not  weighed). 

lO.OSj  a.m.  Fourth  adr^uil  specimen,  1.85  gram  in  5  minutes  (0.37  puca  per 

minute). 
10.10  a.m.    Started  artificial  reapiration. 
lO.lS  a.m.    Blood  pressure  60  mm.  of  mercury, 
10.17  a.m.    Intravenous  injection  of  0.46  mgm.  strychnine :  within  {  minute  after 

Btrychnine  injection  a  tonic  spasm  occurred  for  a  few  seconds  and 

this  was  fallowed  by  clonic  conrulsions  which  recurred  intennit- 

tently  during  the  rest  of  the  experiment. 
10.20  a.m.    Fifth  adienal  specimm,  collected  for  30  seconds  (not  weighed). 
lO.SOia.m.  Sixth  adrenal  specimen,  2.3  grams  in  10  minutes  (0.23  gram  per 

minute). 
10.33  a.m.    Blood  pressure  30  mm.  of  mercury.    Another  specimen  of  indifferent 

blood  was  now  obtained.    Combined  weight  of  adrenals,  0.376 

gram.     (There  was  about  76  per  cent  of  serum  in  the  bloods). 

Ab  it  is  impoesible  to  reproduce  all  of  the  tracings  used  for  the  assay 
even  in  one  experiment,  we  shall  illustrate  this  one  typical  experiment 
more  completely  than  the  rest,  for  which  it  must  serve  as  a  sample  of 
the  manner  in  which  we  arrive  at  the  epinephrin  concentrations.  Some 
of  the  tracings  are  reproduced  in  figures  1  to  4. 

The  2nd  specimen  was  found  to  be  decidedly  weaker  than  1 : 4,(X)0,000 
adrenalin  (fig.  I,  confirmed  by  other  observations),  decidedly  stronger 
than  1:8,000,(X)0,  somewhat  stronger  than  1:6,660,(X)0,  somewhat 
weaker  than  1: 5,300,(X)0.  It  was  taken  at  1: 6,0(X),000,  corresponding 
to  an  output  of  0.00053  mgm.  per  minute  for  the  cat,  or  0.00021  mgm, 
per  kgm.  per  minute. 

The  4th  specimen,  collected  after  section  of  the  cord,  was  much 
stronger  than  1:  1,300,000  (fig.  2),  not  very  d^erent  from  1:660,000 
(fig.  3).  Another  observation  indicated  that  it  was  probably  somewhat 
weaker  than  1:660,000.  It  was  distinctly  weaker  than  1:530,000 
(fig.  3).  It  was  taken  at  1:700,000,  corresponding  to  an  output  of 
0.00053  mgm.  per  minute  for  the  cat,  or  0.00021  mgm.  per  kgm.  per 
minute. 

The  concentration  of  epinephrin  in  the  6th  adrenal  spedmrai, 
obtfuned  after  injection  of  strychnine,  was  so  great  tbftt  in  order  to 
make  a  good  assay  it  was  necessary  to  dilute  it  with  indifferent  blood. 
In  this  way  it  was  shown  to  be  much  stronger  than  1 :  165,0(X)  adrenalin 
(fig.  4).  The  6th  specimen  diluted  with  3  volumes  of  indifferent  blood 
was  much  stronger  than  1:660,000  adrenalin.  Diluted  with  7  voIumeB 
of  indifferent  blood  it  was  still  found  to  be  much  stronger  than 
1: 1,000,000,  i.e.,  the  6th  specimen  was  much  stronger  than  1: 125,000. 
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Fig.  1.  Int«attne  tncingB.  Bloods  from  cat  407.  At  It  and  tl  Ringer  wu 
replftoed  by  indiifennt  (venous)  blood  and  this  at  10  by  the  2nd  Adrenal  epecimen 
(ooUected  befon  oerricsl  cord  section);  at  Mt  by  indifietent  blood  to  which  was 
added  adrenslin  to  make  a  oMkoent ration  of  1:4,000,000.  All  the  bloods  were 
diluted  with  3  volumes  Ringer  (the  adrenalin  blood  after  adding  the  adrenalin). 
As  in  all  the  ^urei  the  time  trace  is  in  half -minutes.    Reduced  to  one-half. 


Fig.  2.  Intestine  tracings.  Bloods  from  cat  407.  At  tS  and  tS  Singer  was 
replaced  by  indifferent  (venous)  blood  and  this  at  H  by  the  4th  adrenal  specimen 
(collected  fi)  minutes  after  cervical  cord  section);  at  16  by  indifferent  blood  to 
vhich  was  added  adrenalin  to  make  a  concentration  of  1:1,300,000.  All  the 
bloods  were  diluted  with  3  volumes  Ringer  (the  adrenalin  blood  after  adding  the 
adrenalin).    Reduced  to  three -aevenths. 
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Fig.  3.  Intestine  tivciiiEB.  Bloods  from  cat  407.  A%t7,t9  and  59  Ringer  was 
replaced  by  indifferent  (venoue)  bloodand  thisat  X8by  indiSereDt  blood  to  which 
was  added  adrebalin  to  make  a  concentration  of  1:460,000;  at  SO  by  the  4th  adre- 
nal speoimen  (collected  5^  minutes  after  cervical  cord  section) ;  at  5^  by  indifferent 
blood  to  which  was  added  adrenalin  to  make  a  ooncentration  of  1 ;  530,000.  All 
the  bloods  were  diluted  with  3  volumes  Ringer  (the  adrenalin  bloods  after  adding 
the  adrenalin).    Reduced  to  three •eeventha. 


Fig.  4.  Intestine  tracings.  Bloods  from  cat  407,  At  39  and  il  Rlhger  was  «• 
placed  by  indifferent  (arterial)  blood  and  this  at  40  by  the  6th  adrenal  speoimen 
(collected  3  minutes  after  intravenous  injeotion  of  strychnine  and  lOminuteg  af- 
ter  cervical  cord  section)  diluted  with  3  volumes  of  indifferent  blood;  at  ft  by  in- 
different blood  to  which  was  added  adrenalin  to  make  a  concentration  of  1:660,000. 
All  the  bloods  were  diluted  with  3  volumes  Ringer  (the  adrenalin  blood  after  add- 
ing the  adrenalin).    Reduced  to  one-half. 


lizcdtyGooi^Ie 


REIATION   OP   SPINAL  COBD  TO   EPINEPHRIN   OUTPUT  493> 

In  the  same  way  it  was  shown  that  the  specimeD  did;  oot  differ  mti,ch 
from  1:66,000,  being  probably  a  httle  weakw.  This  was  confirmedj 
by  numerous  observations  on  the  adrenal  blood  diluted  with  7  votumeSj 
of  indifferent  blood,  and  also  on  the  adrenal  blood  diluted  with'  14; 
volumes  of  indifferent  blood.  The  6th  specimen  was  ^nalty  taken  at; 
1: 70,000,  corresponding  to  an  output  of  0.0033  n^m.  per  mit^uteior  th^. 
cat,  or  0 .  0014  mgm.  per  Icgpi.  per -minute. ,  .  .  > 

In  two  of  the  cats  in  table  1  (320  and  321)  the  putput  lyas  already 
much  below  the  ordinary  average  before  the  cord  w^  (!ut.  Tb^ss; 
were  two  c^  the  earliest  ezperimenta,  and  at  this  tinie  w&were  in-tite; 
habit  of  passing  a  thread  under  the  cord  after  exposure.  The  thread 
was  not  tied,  of  course,  but  was  used  to  make  aviie.  that  the  transec-, 
tion  was  complete.  Later  on  the  section  was  made  intradvirally  through 
a  longitudinal  slit  in  the  dura  by  means  of  am^  blunt  p(»oted  scissors,; 
and  the  cord  was  not  disLiubed  before  oollectioQ  of  the  initial  adrenal 
specimen,  apart  from  being  laid  bare  at  the  level  where  it  was  to  be 
divided.  Blood  vessels  lying  between  the  cord  and  the  walls  of  the 
vertebral  canal  escaped  injury  except,  of  course,  where  the  bone  war 
removed.  In  cats  320  and  321  the  low  initial  output  of  epinephrin. 
was  associated  with  a  low  blood  pressure.  TranseoliioD  «f  -the  cord* 
left  the  output  unaltered.    The  cond^ised  protocol  of  cat  321  follows., 

Condensed  ■protocol.    Cat  Stl;  male;  v)eight,-3.8B  kfm. 
8.30  a.m.    Uretluu)e,6  grftms  perBtomaoh  tube. 

9.00  a.m.  Inserted  tracheal  cannula,  exposed  cord  in  mid-oervicat  region  and 
placed  a  looee  ligature  under  the  cord.  During  the  manipulatioDB 
arouiKl  the  cord  the  cat  stopped  breathing  and  the  circulation,  be-i 
came  feeble.  Artificial  respiration  was  at  once  started.  Obtaioed 
aepecimenof  indifferent  blood  (femoral  vein).  Made  cava  pocket. 
10.00  a.m.  Pocket  completed.  The  ooeliac  axis,  renal  and  mesenteric  arteries 
and  abdominal  aorta  (above  the  bifurcation)  were  tied  in  addition 
to  the  veins  entering  the  cava  pocket.    Collected  adrenal  blood.' 

10.10  a.m.    First  specimen,  0.6  gram  in  1  minute. 

10.11  a.m.    Second  apeoimen,  2.7E  grams  in  6  minutes'  (0.49  gram  per  minute). 
10.20  a.m.    Transected  cord  just  above  the  origins  of  the  4th  pair  of  cervical 

10.23  a.m.    Third  adrenal  specimen  collected  for  1  minute  (not  weighed). 

10.24  a.m.    Fourth  adrenal  specimen,  2.06  grams  in  12  minutes  (0.17  gram  pat- 

minute). 
10.35  a.m.    Intravenous  injection  of  50  co.  Ringer.  , 

10.45  a.m.    Intravenous  injection  of  60  co.  Ringer. 

10.50  a.m.     Fifth  adrenal  specimen,  collected  for  1  minute. 

10.51  a.m.    Sixth  adrenal  specimen,  2.65  grams  in  6  minutes  (0.425  gram  per 

minute).    Another  specimen  of  indifferent  blood  was  now  obtained! 
from  the  right  heart.    Combined  weight  of  adrenals  0.022  gram. 
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We  have  had  maoy  iUustratiooB  in  this  work  of  a  fact  which  may 
have  some  general  baring  upon  the  mechanism  of  spinal  shock  but 
whose  bearing  upon  that  depression  of  the  spinal  mechanism  ooQcemed 
in  the  liberation  of  epinephrin  sometimes  observed  after  cervical  cord 
transection,  and  which  we  suggest  is  a  spinal  shock  pheiuHnenon, 
RBems  incontestable.  When  the  blood  pressure  and  therefore  the  blood 
flow  through  the  adrenals  are  lowered  very  considerably  while  the 
central  nervous  system  is  intact,  we  always  find  a  corresponding  increase 
in  the  epinephrin  cohcentration  in  the  adrenal  vein  blood,  which  until 
the  possible  maximum  concentration  has  been  attained  keeps  the  out- 
put of  epinephrin  per  unit  of  time  as  high  as  the  initial  output,  at  any 
rate  for  the  relatively  short  duration  of  the  low  blood  pressure  which 
we  have  studied.  That  is  to  say,  with  intact  nervous  system  the 
epinephrin  secreting  mechanism  in  the  thoracic  cord  oontinuee  to 
sustain  the  original  output  in  spite  of  the  impaired  circulation.  It  is, 
of  course,  to  be  supposed  that  after  the  low  blood  pressure  has  endured 
for  a  considerable  time  (vascular  shock)  the  output  will  be  diminished. 
But  this  point  is  not  easily  reached  in  experiments  of  moderate  dura- 
tion. When,  however,  injury  to  the  csrvical  cord  is  assooiated  with  a 
low  blood  pressure,  which  would  not  of  itself  cause  diminution  of  the 
•pinephrin  output,  the  output  may  be  markedly  diminished  and  thai 
a  slow  adrenal  blood  flow  may  be  accompanied  by  a  great  decline  in 
the  concentration  of  epiQephrin  in  the  adrenal  vein  blood. 

It  has  often  been  pointed  out  that  spinal  shock  cannot  be  due  to  the 
fall  of  blood  pressure  since  this  affects  equally  the  parts  of  the  central 
nervous  system  above  and  below  the  lesion.  No  doubt  in  a  general 
way  this  is  true  enough.  But  if  attention  be  paid  to  the  fact  that  the 
direction  of  flow  of  the  blood  in  the  main  spinal  arteries  is  caudad  and 
the  direction  of  flow  of  a  good  deal  of  the  venous  blood  cephalad,  it 
may  appear  that  for  some  distance  below  a  spinal  transection,  especially 
perhaps  in  the  cervical  region,  the  possibiUty  would  exist  of  a  greater 
interference  with  the  circulation  below  the  lesion,  for  a  ^ven  fall  of 
blood  pressure,  than  above  it,  in  spite  of  the  lateral  anastomoses. 
In  any  case,  it  Heems  to  follow  pretty  clearly  from  our  observations 
on  oats  that  the  rupture  of  the  upper  paths  is  more  likely  to  cripple 
the  epinephrin  secretory  mechanism  in  the  thoracic  cord  if  accompanied 
by  an  unusually  low  blood  pressure  than  when  the  circulation  remains 
relatively  efficient  after  the  cervical  cord  lesion.  The  loss  of  impulses 
from  above  is  the  same  in  both  cases,  but  the  well  nourished  thoracic 
mechanism  goes  on  sustaining  the  epinephrin  output  at  a  high  or  at  the 
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origiiuil  level,  whereas  the  pooriy  nourished  mechaniBm  in  the  absence 
of  those  impulses  is  unable  to  do  this. 

Id  cats  322,  399,  406  (table  1)  the  output  was  diminished  after  tran- 
section of  the  cord  to  one^ialf  to  cue-third  of  the  initial  output.  When 
strychnine  was  given,  in  two  of  the  animals  in  which  the  output  had 
been  diminished  by  the  cord  section,  it  was  raised  not  only  to  the  initial 
v^ue  but  to  three  times  that  amount.  Included  in  table  1  are  three 
experiments  in  which  the  upper  parts  of  the  central  nervous  syston 
were  eliminated  by  permanent  ligation  of  the  innonuDate,  left  sub- 
clavian and  other  artffiiee  supplying  the  head  with  blood.  There 
could  not  be  any  doubt  that  at  the  time  of  collection  of  the  adrenal 
blood  after  ligation  of  the  arteries  the  elimination  of  the  bulb  and 
everything  above  it  was  complete.  The  eye  reSeses  had  long  since 
disappeared,  t^e  res|»ratoiy  center  had  ceased  to  dischaige,  ihe  swallow- 
ing center  had  become  inactive,  and  so  on.  The  observations  c£ 
Stewart,  Guthrie,  Bums  and  Pike  (4)  show  that  after  such  ligation  of 
aiteriea  in  cats  there  is  total  elimination  of  the  bulb  and  everything 
above  it  and  srane  interference  with  upper  cervical  segments. 

In  these  animals,  without  exception,  the  epinephrin  output  after 
dimination  of  the  bulb  and  everything  above  it  by  the  bloodless  method 
was  not  at  all  diminished.  It  is  clear  that  by  this  method  the  inflic- 
tion oi  direct  injury  upon  the  portion  of  the  cord  concerned  in  sustain- 
ing the  epinephrin  output  by  such  gross  interference  with  its  circula- 
tion as  might  be  caused  by  subdural  hemorrhage,  cutting  and  blocking 
of  spinal  arteries  and  veins,  is  largely  obviated.  The  residual  blood 
pressure  after  elimination  (rf  the  brain  and  bulb  is  probably  also  in 
genert^  somewhat  higher  than  when  the  cervical  cord  is  divided  by  the 
knife,  and  the  proportion  of  experiments  in  which  the  output  con- 
tinued without  diminution  is  increased.    Two  of  the  protocols  follow. 

Cond«nMd  proktcol.    Cat  SIS;  male;  weiglU,  MM  kgm. 

9.20  a.m.  to  Q.SO  a.m.  Anesthetiied  with  ether,  inserted  tracheal  cannula, 
placed  ligaturee  around  the  innominate,  left  eubelavian  and  both 
carotid  arteriea,  but  did  not  tie  off  yet,  started  artificial  respira- 
tion {pleura  punctured). 

10.10  a.m.  Cava  pocket  completed;  eoeliao  axis,  renal,  mesenteric  arteries  and 
abdominal  aorta  [above  bifurcation)  tied  in  addition  to  the  veins 
entering  the  cava  pocket.    Collected  adrenal  blood. 

10.14  a.m.    First  apeoimen,  1.2  gram  in  30  seconds  (2.4  grams  per  minute). 

10.14)  a.m.  Second  specimen,  6.16  grams  in  3  minutes  (1.72  gram  per  minute). 

10.22  a.m.    Tying  off  head  arteries  completed. 
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10.23  a.m.  Pupils  maximally  dilated.  No  aye  reflexes  preseot.  Gums  pale. 
Intra-ocular  pressure  diminished.  No  spontaneous  respiratory 
movements. 

10.26}  a.m.  Third  adrenal  specimen,  0.6  gram  iti  30  seconds  (1.2  gram  per  min- 
ute). 

10.27  a.m.  Fourth  adren&l  specimeu,  2.3  grama  m'5  minutes  (0.6  gram  jwr  mtn-. 
ute). 

10.32  a.m.,  No  change  in  symptoms  showing  complete  cerebral  anemia  and  do. 
change  observed  thereafter  throughout  the  rest  of  the  e^qKiiment. 
Obtained  (indifferent)  venous  blood.  Combined  weight  of  adre- 
nals, 0.252  gram. 
Aulfipty.  All  of  the  head  arteries  were  tied  off  (i.e.,  innominate,  left  subcla- 
vian, proximal  to  the  vertebrale  and  both  carotids). 

The  6th  specimen  was  shown  to  hav6  a  higher  concentration  than  the 
4th,  As  the  concentration  of  the  4th  specimen  was  1:675,000,  the 
6th  must  have  had  a  maximal  concentration,  although  of  course  with 
the  slow  flow  a  full  calculated  output  could  not  be  expected. 

Cond*M»d  protocol.    Cat  4S5;  femalt  (pregruMl);  loeighl  t.S  lyn. 

10.15  to  10.46  a.m.    Anesthetiaed  with  ether,  inserted  tracheal  cannula,  placed 

ligatures  aroimd  the  innominate,  left  subclavian  (proximal  to  ori- 
gin of  vertebral),  and  both  carotid  arteries,  but  did  not  tie  them  off. 

11.00  a.m.  Cava  pocket  completed.  The  coeliac  axis,  renal  and  mesenteric  ar- 
reriea  and  abdominal  aorta  (above  bifurcation)  tied,  in  addition 
to  the  veins  entering  the  cava  pooket.    Collected  adrenal  blood. 

11.04  a.m.    First  specimen,  0.6  gram  in  30  seconds  (1.2  gram  per  minute). 

11.01)  a.m.  Second  specimen,  1.9  gram  in  2)  minutes  (0.76  gram  per  minute). . 

11.08  a.m.  Cat  li^tlyanesthetised;pupile  contracted;  eye  reflexes  good;  started 
tying  cerebral  vessels. 

11.10  a.m.  Head  arteries  tied.  Pupils,  widely  dilated  and  eye  reflexes  gone. 
Cat  still  gasping. 

11.12  a.m.    Mucosa  of  mouth  and  nose  pale.    C^t  ^ill  gasps  occasionally. 

11.14  a.m.    Hemostat  clamped  on  left  subclavian  {ifozimal  to  ligature. 

11.16  a.m.    No  gasps;  all  upper  reflexes  gone,  tail  and  hind  leg  reflexes'still  pres- 

ent, notwithstanding  ligation  of  vessels  in  making  cava  pocket; 

intra-ocular  tension  low;  swallowing  reflex  gone.    A  nick  in  nasal 

septum  does  not  bleed. 
11.25  a.m.    Third  adrenal  specimen,  0.8  gram  in  30  seconds  (t  .6  gram  per  minute). 
11.26)  a.m.  Fourth  adrenal  specimen,  2.6  grams  in  3  minutes   (0.83  gram  per 

minute), 
11.38  a.m.    All  symptoms  of  complete  cerebral  anemia  stil)  the  same. 
11.40  a.m.     Fifth  adrenal  specimen,  collected  for  30  seconds. 
11.40)  a.m.  Sixth  adrenal  specimen,  1.65  gram  in  6  minutes  (0.275  gram  per 

minute).    Now  tied  off  the  adrenal  veins  and  obtained  (indifferent) 

venous  blood  from  the  cava.     Combined  weight  of  adrenals  0.314 

gram. 
Autopsy:  Verified  the  complete  ligation  of  all  blood  vessels  going  to  the  head. 
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In  cat  435  the  2nd  adrenal  specimen,  taken  before  ligation  xA  the. 
head  arteries  was  somewhat  weaker  than  the  4th  specimen,  collected 
15  minutes  after  completion  of  the  t^ation  (fig.  5,  confirmed  by  other 
observations).  Diluted  with  3  volumes  of  indifferent  blood  it  was 
shown  to  be  somewhat  Btroi^er  than  1:3,600,000  adrenalip,  i.e.,  the 
2nd  specimen  was. somewhat  stronger  than  1:900^000.  It  was  finally 
assayed  at  1:800,000,  corresponding  to  an  output  of  0-O0Q9P  mgm. 
p^minute  for  the  cat,  or  0.0003S  mgm.  per  kgm.  per  minyte.':  :   ■ 

The  4th  specimen  was  proved  to  be  much  stronger  than  1:1,350,000, 
sl^onger  than  1:900,000.    Diluted,  with  3  volumes  of. indifferent  blood 


Pig.  i.  iDteatine  tracings.  Bloods  from  oat  43S.  At  I  and  S  Ringer  was  re- 
placed by  indifierent  (venous)  blood  and  this  at  I  hy  the  2nd  adrenal  specimen 
(collected  before  tying  oS  head  arteries] ;  at  4  by  the  4th  adrenal  specimen  (col- 
laeted  after  tying  ott  bead  arteries).  All  the  bloods  werediluted  with  3  volumes 
Ringer.    Reduced  to  one-half. 

it  was  not  much  different  from  1: 2,700,000,  i.e.,  the  4th  specimen  was 
about  the  sameas  1:675,000.  Taking  it  at  1:700,000  wegetO.0012 
mgm.  per  minute  as  the  output  for  the  cat,  or  0.00048  mgm.  per  kgm. 
per  minute.  In  other  words,  the  complete  elimination  of  the  bulb  and 
brain  had  left  the  output  fully  as  great  as  the  initial  output. 

The  6th  adrenal  specimen,  collected  15  to  20  minutes  after  the  end  of 
collection  of  the  4th  specimen,  that  is  after  a  period  of  more  than  half 
an  hoiurof  complete  cerebral  anemia,  was  diluted  with  3  volumes  of  in- 
different blood  before  assay.   So  diluted  it  was  found  to  differ  little  in  con- 
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oeotmtion  fnun  1 : 1,800,000  adreiuUm,  being  if  fmything  a  Uttle  strongs 
ie.,  the  6th  specimen  was  equivalent  to  about  1 :  460,000  adren^in. 
It  was  deddedly  weaker  than  1 :  325,000.  Taking  it  at  1:460,000  we 
get  an  output  of  0.00061  mgm.  per  minote  f or  the  oat,  orO.OOCKHnigni. 
per  kgm,  per  minute.  The  high  ooncentration  shows  that  at  this  tinw 
the  adrenid  secretion  was  still  quite  efficient  in  the  absenoe  of  the  bulb 
and  \xain.  With  the  slow  blood  flow  it  oould  not  of  course  be  expected 
tiiat  a  full  output  oould  be  calculated  out  from  such  a  oonoentaition. 

Two  experiments  are  included  in  table  1  in  which  the  cervical  cord 
was  semiseeted  (cats  383  and  386).  In  one  (^  these  (388)  after  the 
semisection  the  output  was  reduced  to  about  on»-half  the  initial  volume. 
This  cannot  be  interpreted  as  indicating  that  the  sranisection  diminished 
or  abolished  the  output  from  the  corresponding  adrenal,  but  rather 
that  the  cord  lesion  caused  a  depression  in  the  output  from  the  two 
adrenals  (spinal  shook).  For  in  the  other  cat  (385),  division  of  the 
right  half  of  the  cord  did  not  interfere  at  all  with  the  output  of  epinei^- 
rin  from  the  right  adrenal.  In  this  cat  the  left  adrenal  was  clipped 
off  during  ooQeotion  of  the  blood,  both  before  and  after  the  semisection. 

In  addition  to  the  cats  included  in  table  1  in  which  segment  assays 
were  made  of  the  adrenal  blood,  the  epinephrin  output  was  estimated 
by  the  reaction  upon  the  pupil  (sensitised  by  previous  removiU  of  the 
superior  cervical  gaoghon)  in  two  more  cats  (350  and  353).  The 
condensed  protocols  follow. 

Condenttd  protocol.    Cat  SSO;  mah,  wti^ht  J. 81  k^/m. 

Left  euperior  cervioal  gknglion  exciaed  13  days  prior  to  experiment.    Left 

pupil  oawtrMtad  and  nictitating  membrane  forward. 
9.00  a.m.    Urethane,  4  grams  by  atomaeh  tube. 

10.00  a.m.  Left  pupil  },  right  pupil  1  maximal,  both  niotitating  membraaee  f»- 
traoted. 

10.00  to  10.20  a.m.  Inserted  tracheal  cannula  and  exposed  cord  in  mid-cervioal 
region.  On  exposing  cord  the  left  piipil  became  maximally  dilated, 
the  right  pupil  remained  slit-like,  both  nictitating  membranes  were 
retracted.  In  a  few  minutes  the  left  pupil  came  down  to  )  maximal 
dilatation. 

10.22  a.m.  Started  artificial  respiration  and  made  '  'long"  pocket,  tying  the  coe- 
liac  axis,  renal  and  mesenteric  arteries  and  abdominal  aorta  (above 
bifurcation)  in  addition  to  the  veins  entering  the  cava  pocket. 

lO.iO  a.m.  Pocket  completed.  Right  pupil  slit-like,  left  pupil  \  dilated,  both 
nictitating  membranes  slightly  forward,  the  right  more  than  the 
left. 
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10.G2  to  11.06  ft.m.  Two  obaerrationi  Bhowed  that  a  2-minute  pocket  was  equal 
to  1.0  CO.  of  1: 1,500,000  adrenalin,  oorreBpondiug  to  an  output  of 
0.00036  mpn.  per  minute  for  the  cat,  at  0.0002  aigia.  per  kgm.  per 
minute. 

11. IS  a.m.  Transected  oord  through  the  origins  of  the  6th  pair  of  oervioatnerres 
(positioD  of  oord  section  was  verified  at  autopsy). 

11.18  to  11.26  a.m.  Two  pocket  obeerrations  showed  a  2-minute  pocket  to  cor- 
respond  to  I.O  Co.  of  1: 1,600,000  adrenal,  i.e.,  the  output  was  the 
same  as  before  cord  section.  Combined  weight  of  adrenals,  0.41 
gram. 

Condemed  proloeol.    Cat  SSS;  aid  male;  weight,  S.13  kfftn. 

Left  superior  cervical  ganglion  excised  10  days  prior  to  experiment.    Left 
pupil  contracted  and  nictitating  membrane  forward. 
0.16  a.m.    Urethane,  4  grama  by  stomach  tube. 
10.20  a.m.    Urethane,  2  grams  by  st<miAoh  tube. 

10.46  a.m.    Exposed  oord  in  mid-cervical  and  mid-doraal  regions.    Loose  liga- 
tures passed  under  cord. 
11.20  a.m.    Cava  pocket  completed.    The  coeliac  axis,  renal  and  mesenteric  ar- 
teries and  abdominal  aorta  (above  the  bifurcation)  were  tied  in 
addition  to  the  veins  entering  the  cava  pocket. 

11.22  a.m.    Right  pupil  slit-like,  left  pupil  i  dilated,  both  nictitating  membranes 

fonmrd. 

11.23  to  11.41  a.m.    Tliree  observations  showed  that  a  2-minute  pocket  waa  equal 

to  0.6  CO.  of  1 :  660,000  adrenalin,  corresponding  to  an  output  of 
0.00037  mgm.  per  minute  for  the  cat,  or  0.00012  mgm.  per  kgm.  per 
minute. 
11.46  a.m.    Transected  cord  just  above  the  origins  of  the  6th  pair  of  oervieal 

11.48  a  m.  to  12.00  m.  Three  observations  showed  that  a  2-minute  pocket  waa 
fully  equivalent  to  0.5  ce.  of  1: 1,000,000  adrenalin,  corresponding 
to  an  output  of  fully  0.00026  mgm.  per  minute  for  the  cat,  orO.00008 
mgm.  per  kgm.  per  minute.    Combined  wei^t  of  adrenals,  0.706 

ACnON  or  STBTCHNINB  AITEK  COKVICAL  COBD  TRANSECTION 

As  already  stated,  in  a  Dumber  of  the  cats  strychnine  was  injected 
after  the  cwvical  transeetion  in  order  to  see  wheth^  the  stimulating 
action  exerted  by  it  upon  the  epinephrin  output  in  animals  mth  intact 
cord  would  be  developed  after  elimination  of  the  upper  parts  of  the 
central  nervous  system.  This  was  found  to  be  the  case.  Increaaee 
in  the  output  both  relatively  and  absolutely  as  great  as  tboee  seen  with 
intact  cord  were  obtained.  la  one  of  the  experiments  already  dis- 
cussed (cat  407)  the  initial  output  rranained  unchanged  after  the  cord 
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Fig.  6.  Intestine  tracings.  Bloods  from  cat  406.  At  25  and  15  Ringer  was  re- 
placed by  indifferent  blood  and  this  at  ti  by  the  4th  adrenal  specimen  (collected 
14  minutes  after  cervical  cord  aectionjandatftf  by  indifferent  blood  to  which  was 
added  adrenalin  to  make  a  concentration  of  1:4,000,000.  All  the  bloods  were 
diluted  with  3  volumes  Ringer  (the  adrenalin  blood  after  adding  the  adrenalin). 
Reduced  to  one-half. 


Fig.  7.  Intestine  tracings.  Bloods  from  oat  406.  At  tS  and  47  Ringer  was  re- 
placed by  indifferent  (venous)  blood  and  this  at  4^  by  indifferent  blood  to  which 
was  added  adrenalin  to  make  a  concentration  of  1:1,330,000,  and  at  .fS  by  the  6th 
adrenal  specimen  (collected  5  minutes  after  intravenous  injection  of  strychnine 
and  33  minutes  after  cervical  cord  section)  diluted  with  4  volumes  of  indifferent 
blood.  All  the  bloods  were  diluted  with  3  volumes  Ringer  (the  adrenalin  blood 
after  adding  the  adrenalin).    Reduced  to  one -half . 
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Bection  and  was  increased  sevenfold  by  strychnine.  In  another  experi- 
ment (cai406)  the  output  was  diminished  to  something  more  than 
half  the  original  output  by  the  cervical  transection  and  was  brought 
up  to  three  times  the  initial  output  by  strychnine. 

Figures  6  to  8  illustrate  the  at^y  in  oat  406.  The  2nd  adrenal  speci- 
men was  found  to  be  much  stronger  than  1:5,300,000,  somewhat 
stroller  than  1:4,000,000  (confirmed  by  a  number  of  observations), 
weaker  than  1:2,750,000  (confirmed  by  a  number  of  observations). 
It  was  finally  taken  at  1:3,600,000,  corresponding  to  an  output  of 
0.0005  mgm.  per  minute  for  the  cat,  or  0.00024  mgm.  per  itgm.  per 
minute. 


Fig.  8.  Intestine  tracings.  Bloods  from  cat  406.  At  Bl,  03  and  6S  Ringer 
was  replaced  by  indifferent  (venous)  blood  and  this  at  e»  by  indifferent  blood  to 
which  was  added  adrenalin  to  make  a  concentration  of  1: 1,330,000;  at  84  by  the 
6th  adrenal  speoimen  (collected  5  mmutea  after  intravenous  injection  of  strych- 
nine and  33  minutes  after  cervical  cord  section)  diluted  with  9  volumes  of  indif- 
ferent blood ;  at  SV  by  indifferent  blood  to  which  was  added  adrenalin  to  make  a 
conoentration  of  1:  666,000.  All  the  bloods  were  diluted  with  3  volumes  Binger 
(the  adrenalin  bloods  after  adding  the  adrenalin).    Beduced  to  one-half. 

The  4th  specimen,  collected  after  transection,  was  weaker  than 
1:4,000,000  (fig.  6,  confirmed  by  another  set  of  observations),  stronger 
than  1:8,000,000,  somewhat  stronger  than  1:6,600,000.  It  was  taken 
at  1 : 6,000,(K)0,  corresponding  to  an  output  of  0.00026  mgm.  per  minute 
for  the  cat,  or  0.00012  mgm.  per  kgm.  per  minute. 
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The  6tli  specinteii,  collected  after  injectioii  of  atiychnine,  had  so 
high  a  concentration  of  epinephrin  that  it  was  diluted  with  indifferent 
blood  before  assay.  '  Diluted  with  4  voltunes  (rf  indifferent  blood  it 
waa  much  etroi^er  than  1: 2,760,000,.  i.e.,  the  0th  BpecimenwaB  much 
stroller  than  1:550,000.  It  was  similarly  found  to  be  stronger  than 
1:265,000  (fig.  7),  and  eUghtly  weaker  than  1:132,000.  In  another 
dilution  (with  9  volumes  of  indifferent  blood)  it  waa  shown  to  be 
stnn^er  than  1:275,000,  decidedly  weaker  than  1:66,000,  and  not 
very  different  from  1 :  132,000  (fig.  8) .  The  s^pnent  was  more  sensitive 
at  this  stage  and  still  greater  dilution  would  have  been  neoessary  for 
the  beet  results.  The  6th  specimen  was  finally  taken  at  1:160,000, 
corresponding  to  0.0013  mgm.  per  minute  for  the  cat,  or  0.00062  mgm. 
per  ^m.  per  minute. 

In  a  previous  paper  (5)  it  was  shown  that  the  action  of  strychnine 
is  a  lastii^  one.  This  has  been  illustrated  in  an  interestii^  fashion 
in  the  cord  transection  experimentB,  for  it  has  been  proved  that  the 
excitation  of  the  mechanism  on  which  the  strychnine  increase  in  epi- 
nephrin output  depends,  once  induced,  can  survive  transection  of  the 
cervical  cord. 

Condented  protocol.    Col  ilS;  femals;  tmigiit,  1.96  hgm. 

9.10  a.m.    Aneatbetiied  with  ether,  inserted  cannulae  into  trachea,  carotid  ar> 

tery  and  external  jugular  vein.    Obtained  a  specimen  of  indifferent 

(jugular)  blood. 
9.30  a.m.    Expoaed  cord  in  mid-cervical  regioD.    Made  cava  pocket,  tying 

coeliac  axis,  renal  and  superior  mesenteric  arteries  and  abdominal 

aorta  (above  bifurcation)  in  addition  to  the  veins  entering  the 

cava  pocket. 
10.06  a.m.    Cava  pocket  oompleted.    Collected  adrenal  blood. 
10.07}  a.m.  First  specimen,  1.05  gram  in  30  seconds  (2.1  grama  per  minute). 
10.06  a.m.    Second  specimen,  3.2  grama  in  00  seconds  (2.1  grams  per  minute). 
10.10  a.m.    Blood  pressure  105  mm.  of  mercury. 

10.14  a.m.    Started  artificial  respiration  (cat  breathing  well  q>ontaneouBly). 
10.17  a.m.    Intravenous  injection  of  0.2S  mgm.  stryohnine.    Clonio  spasms  oe- 

oiirred  within  a  few  seoonds  and  the  blood  pressure  rose  to  120 

mm.  of  mercury. 
10.21}  a.m.    Third  adrenal  specimen,  0.6S  gram  in  30  seoonds  (1.8  gram  per 

minut«). 
10.22  a.m.    Fourth  adrenal  specimen,  3.36  grama  in  2  minutes  (1.7  gram  per 

minute). 
10.24  a.m.    Blood  pressure  M  mm.  of  mercury. 
10.30  a.m.    Transected  oord  through  origins  of  5th  pair  of  cervical  nervea  (poei- 

tion  of  oord  section  verified  at  autopsy). 
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10.33  a.m.    Blood  prassure  24-mtii,  of  mercury.    K«flexeB  exaggerated. 

10.34  a.m.    Fifth  adrenal  specimen  collected  for  one  minute  (not  weighed).  , 

10.35  a.m.    Sixth  adrenal  Bpecimen  1.0  gram  in  lOminuteB  (O.I  gram  per  minute). 
Another  specimen  of  indifferent  blood  was  now  obtained.    Combined  weight 

of  adrenals,  0.232,  gram. 

[n  figures,  9  and  10  are  reproduced  a  small  Bomple  of  the  Ixacings  used 
in  the  assay  in  cat  418. 

The  2Dd  speciiueD,  obtained  before  injection  of  strychnine,  was 
found  to  be  stronger  than  1:4,500,000  adrenalin,  decidedly  iweaker 
than  1:3,000,000  and  somewhat  weaker  than  1:3,750,000.  It  was 
assayed  at  1:4,000,000,  corresponding  to  an  output  of  0,0006  mgm. 
per  minute  for  the  cat,  or  0.00025  mgm.  per  kgm.  per  minute.    . 

The  4th  specimen,  collected  after  administration  of  strychnine,  but 
before  transection  of  the  cord,  was  much  stronger  than  1 : 3,000,000, 
somewhat  weaker  than  1;  1,500,000  (fig.  9,  confirmed  by  other  obser- 
vations). It  was  taken  at  1:1,700,000,  corresponding  to  an  output 
of  0.001  mgm.  per  minute  for  the  cat,  or  0.0005  mgm.  per  kgm.  per 
minute,  double  the  initial  output. 

The  6th  specimen,  collected  after  section  of  the  cord,  had  a  very 
high  concentration  of  epinephrin.  It  was  diluted  with  3  volumes  of 
indifferent  blood  before  assa> .  Thus  diluted  it  was  stronger  than 
1 :  750,000  adrenalin,  i.e.,  the  6th  specimen  was  stronger  than  1 :  185,000 
(fig.  10,  confirmed  by  other  observations).  It  was  probably  some  what 
weaker  than  1 :  94,000  and  was  taken  at  1 :  100,000,  corresponding  to  an 
output  of  0 .  001  mgm.  per  minute  for  the  cat,  or  0 .  0005  mgm.  per  kgm. 
per  minute. 

Since  the  output,  increased  by  strj'chnine,  was  not  chained  by  the 
cervical  transection  it  follows  that  in  thb  animal  the  influence  of  strych- 
nine in  increasing  the  epinephrin  output  was,  within  the  limits  of  error 
of  the  assay,  exerted  exclusively  on  the  portion  of  the  cord  below  the 
transection.  It  is  of  interest  that  in  spite  of  the  low  blood  pressure 
which  followed  the  transection  (to  24  mm.  of  mercury),  spinal  shock  of 
the  epinephrin  secretory  mechanism  in  the  thoracic  cord,  as  -mani- 
fested b.v  a  fall  in  the  rate  of  output,  did  not  occur,  the  marked  duninu- 
tion  in  the  rate  of  blood  flow  through  the  adrenals  being  compensated 
for  by  the  great  increase  in  epinephrin  concentration.  Where  the 
mechanism  has  suffered  from  the  condition  which  we  suggest  is  analo- 
gous to  spinal  shock  affecting  other  centers,  a  reduced  blood  flow  may 
be  accompanied  by  a  diminished  concentration  of  epinephrin,  a  com- 
bination practically  never  encountered  under  the  conditions  of  our 
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ezperiments  while  the  central  iiervoits  eystem  is  intact.  The  admin- 
istration of  strychnine  in  thia.  experiment  might  be  aaid  to  have  con- 
stituted a  prophylaxis  againet  spinal  shock  bo  far  as  the  epLDephrin 
secretory  mechanism  is  concerned. 


Pig.  9.  Int«Btine  tncings.  Bloods  from  cat  418.  At  IT  and  19  Ringer  was  re- 
placed by  indifferent  (venoua)  blood  and  thia  at  18  by  the  4th  adrenal  specimen 
(collected  S  minut«8  after  intravenoua  injectioii  of  strychnine) ;  at  JO  by  indifer- 
ent  blood  to  which  nae  added  adrenalin  to  make  a  concentration  of  1 : 1,S00,000. 
All  the  bloods  were  diluted  with  10  volumes  Ringer  (the  adrenalin  blood  aftar 
adding  the  adrenalin).    Iteduoed  to  two-thirds. 


Pig.  10.  Intestine  tracings.  Bloods  from  cat  418.  At  19  and  SI  Ringer  was 
replaced  by  indifferent  (venous)  blood  and  this  at  30  by  the  6th  adrenal  specimen 
(collected  18  minutes  after  intravenous  injection  of  strychnine  and  5  minutes  af- 
ter cervical  cord  section)  diluted  with  3  volumes  of  indifferent  blood)  at  St  by 
inc!ifferent  blood  to  which  was  added  adrenalin  to  make  a  concentration  of  1 :  750- 
000.  All  the  bloods  were  diluted  with  10  volumes  Ringer  (the  adrenalin  blood 
after  adding  the  adrenalin).    Reduced  to  two-thirds. 
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Id  Gontraet  to  the  action  of  Btrychniiie  on  animals  with  intact  cen- 
tnl  nervous  ayst^n  (5)  in  whioh  the  maximum  concentration  of 
epinephrin  was  not  found  to  eurpaaa  substantially  the  mitTimiim 
observed  witiiout  strychnine,  the  mft»imiiin  concentration  under  the 
influence  of  strychnine  in  the  cats  with  cervical  cord  truiseetion  was 
observed  to  reach  extraordinarily  high  values  (1:70,000  in  oat  407; 
l:100,000in  cat  418;  1: 150,000incat406;  l:25O,00Oin  cat390).  This 
Is  consistent  with  the  sumption  expressed  in  a  previous  paper  (5) 
that  the  preliminary  diminution  in  the  output  produced  by  strychnine 
in  animals  with  intact  central  nervous  system  may  be  due  to  transient 
stimulation  by  the  drug  of  a  regulatory  (inhibitory)  mechanism  situ- 
ated higher  up  and  cut  off  by  the  cervical  transection. 

The  2nd  specimen  from  cat  399  (before  transection)  was  shown  on 
intestine  segments  to  be  decidedly  stronger  than  1 : 7,500,000,  stronger 
thuL  1:0,000,000,  somewhat  weaker  than  1:4,500,000.  It  was  taken 
at  1: 5,000,000,  corresponding  to  an  output  of  0.00065  mgm.  per  minute 
for  the  cat,  or  0.00025  mgm.  per  kgm.  per  minute. 

The  4th  specimen  (after  transection)  was  much  stronger  than  the 
ted.  Diluted  with  2  volumes  of  indifFerent  blood  it  was  still  stronger 
than  1:6,000,000,  i.e.,  the  undiluted  4th  specimen  was  stronger  than 
1:2,000,000.  It  was  found  to  be  decidedly  weaker  than  1:750,000, 
weaker  than  1 : 1,000,000  and  not  far  different  from  1 : 1,500,000,  corre- 
sponding to  an  output  of  0.0002  mgm.  per  minute,  for  the  cat,  or 
0.000075  mgm,  per  kgm.  per  minute.  Considering  the  small  flow 
this  is  a  fair  output,  but  the  striking  thing  is  that  the  concentration, 
although  increased  to  more  than  three  times  that  of  the  2nd  speci- 
men, corresponding  to  the  diminished  blood  flow,  is  not  lifted  nearly 
to  the  possible  maximum  as  would  occur  with  intact  cord,  whereas 
when  strychnine  is  given  the  concentration  is  increased  sixfold,  to 
much  beyond  the  maximum  seen  without  strychnine,  while  the  blood 
flow  is  also  incteasing  somewhat. 

The  assay  on  intestine  segments  showed  that  the  6th  specimen  (from 
cat  399)  wasmuch  stronger  than  the  4th,  much  stroller  than  1:750,000, 
much  stronger  than  1 :  535,000,  much  stronger  than  1 :  415,000,  stronger 
than  1: 320,000,  decidedly  weaker  than  1 :180,000  and  not  far  different 
from  1 :  260,000  adrenalin.  In  making  these  tests  the  adrenal  blood 
was  diluted  with  2  volumes  and  in  other  observations  with  4  volumes 
of  indifferent  blood.  It  was  confirmed  on  the  uterus  (fig.  11)  that  the 
6th  specimen  was  much  stroi^er  than  the  others. 
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That  the  Btrychnine  action  ia  essentially  a  central  action  is  best 
shown  by  administering  the  drug  to  animals  from  which  one  adrenal 
has  been  previously  removed  and  the  nerves  of  the  other  cut.    Where 
the  output  has  be«i  reduced  below  the  point  of  det«ction  or,  if  detect- 
able, to  a  small  fraction  of  the  normal  average,  it  does  not  become 
detectable,  or  is  not  increased  on  injecting  strychnine.    On  the  other 
hand,  if  a  substantial,  although  of 
course  much  reduced  output,  is  present 
after  the  adrenal  operation,  either  be- 
cause the  nerves  have  been  incom- 
pletely divided  or  some  regeneration 
has  occurred   after  a  long  survival 
period,   strychnine  causes  a  definite 
increase.    Illustrations  of  these  facts 
have  already  been  published  in  a  pre- 
vious paper  (6). 

The  same  thing  may  be  proved  by 
sectioning  the  adrenal  nerves  in  acute 
experiments  which,  however,  are  on 
the  whole  less  satisfactory  on  account 
of  the  fall  of  blood  pressure  produced 
by  the  denervation.  A  protocol  from 
one  of  these  experiments  (cat  431)  is 
given  as  an  example. 


Condemed  protocol.    Cat  4S1;  female; 
weight,  I.OB  fcgm. 

9.20  a.m.  Anestbetiiecl  with  ether;  io- 
Berted  tracheal  and  jugular 
cannulae;  obtamed  indifTer- 
eat  (jugular)  blood. 

9.96  a.m.  Cava  pocket  completed.  The 
coeliao  axis,  renal  and  mes- 
enteric arteries  and  abdomi- 
nal aorta  (above  bifurcation) 
were  tied  in  addition  to  the 
veins  entering  the  cava  pock- 
et. Collected  adrenal  blood. 

9.55}  s.m.  First  specimen,  1.95  gram  in  30 
seconds  (3.9  grams  per  min- 
ute). 

9.56  a.m.  Second  specimen,  7.0  grams  in 
2  minutes  (2.5  grams  per 
minute). 


Fig.  II.  Uterus  tracings.  Bloods 
from  cat  399.  At  8S  Ringer  was 
replaced  by  the  6th  adrenal  blood 
specimen  (collected3  minutes  after 
mtravenous  injection  of  strych- 
nine and  23  minutes  after  cervical 
cord  section)  diluted  with  6  vol- 
umes of  indifferent  blood ;  at  A!  by 
indifferent  (venous)  blood;  at  84 
by  indifferent  blood  to  which  was 
added  adrenalin  to  make  a  concen- 
tration of  I:  2,250,000;  at  85  by 
the  6th  specimen  diluted  with  4 
volumes  of  indifferent  blood.  All 
the  bloods  were  diluted  with  3  vol- 
umes Ringer  (the  adrenalin  blood 
after  adding  the  adrenalin).  At 
88  Ringer  was  replaced  by  the  6th 
specimen;  at  08  by  the  4th  speci- 
men (collected  3i  minutes  after 
cervical  oord  seotion) ;  at  S9  by  the 
2nd  specimen  (collected  before  cord 
section).  The  bloods  66-69  were 
diluted  with  10  volumes  Ringer. 
Reduced  to  one-half. 
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10.00  a.m.    Started  &rtificj&l  respiration  (cat  still  breathing  well  spontaneously) . 
10.07  a.m.    Intravenous  injection  of  0.35  mgm.  strychnine  (sulphate,  as  in  all  the 

experiments), 
10.071  a.m.  Clonic  convulsions;  spontaneous  breathing  good. 
10  22  a.m.    Clonic  spasms;  spontaneous  breathing  good. 
10'23  a.m.    Third  adrenal  specimen,  1.06  gram  in  1  minute. 
10  24  a.m.    Fourth  adrenal  specimen,  3,85  grams  in  3  minutes  (1.28  gram  per 

minute). 
10.30  to  10.32    a.m.    Cut  right  and  left  majorandminoTsplanchnics  (in  abdomen) 

and  extirpated  the  left  semilunar  ganglion. 
10.34  a.m.     Clonic  spasms  at  intervals. 
10.38  a.m.    Fifth  adrenal  specimen,  collected  for  30  seconds. 
10.38)  a.m.    Sixth  adrenal  specimen,  2.7  grams  in  10  minutes  (0.27  gram  per 

minute). 
Another  specimen  of  indifferent  (venous)  blood  was  now  obtained.    Combined 
weight  of  adrenals,  0.25  gram.    Section  of  nerves  verified  at  autopsy. 

Figures  12  to  15  give  samples  of  the  tracings  used  in  the  assay  id  cat 
431. 

The  2nd  adrenal  specimen  was  found  to  be  stronger  than  1 : 8,300,000, 
weaker  than  1:5,000,000,  weaker  than  1:6,600,000  adrenalin.  It  was 
assayed  at  1:7,500,000,  corresponding  to  an  output  of  0.00045  mgm. 
per  minute  for  the  cat,  or  0.00023  mgm.  per  kgm.  per  minute. 

The  4th  specimen,  obtained  after  administration  of  strychnine, 
was  decidedly  stronger  than  1:1,660,000,  stronger  than  1:830,000. 
It  was  much  stronger  than  the  6th  specimen,  collected  after  section 
of  nerves  to  the  adrenals  in  spite  of  the  greatly  diminished  Sow  for 
the  6th  specimen.  This  was  evident  when  both  specimens  were 
diluted  with  3  volumes  of  Ringer's  solution,  but  became  still  more 
apparent  on  first  diluting  each  with  3  volumes  of  indifferent  blood  and 
then  diluting  the  mixtures  with  3  volumes  of  Ringer  (fig.  12).  The 
4th  specunen  diluted  with  3  volumes  of  indifferent  blood  was  weaker 
than  1:1,660,000  adrenalin,  i.e.,  the  4th  specimen  was  weaker  than 
1 :415,000  (fig.  13).  The  4th  specunen  was  finally  assayed  at  1 :  700,000, 
corresponding  to  an  output  of  0.0018  mgm.  per  minute  for  the  cat,  or 
0.0009  mgm.  per  kgm.  per  minute,  four  times  the  initial  output. 

The  6th  specimen,  diluted  with  1  volume  of  indifferent  blood,  was 
weaker  than  1:3,300,000,  i.e.,  the  6th  specimen  was  weaker  than 
1 : 1,660,000.  Undiluted  with  indifferent  blood  it  was  found  to  be 
stronger  than  1:3,300,000,  but  decidedly  weaker  than  1: 1,660,000 
(fig.  14).  It  was  assayed  at  1 : 2,000,000,  corresponding  to  an  output 
of  0.00013  mgm.  per  minute  for  the  cat,  or  0.00006  mgm.  per  kgm. 
per  rainute,  only  one-fifteenth  of  the  output  under  strychnine  before 
section  of  the  nerves. 
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Fig.  12.  Intestine  tracings.  Bloods  from  cat  431.  At  tS  and  IS  Ringer  was 
replaced  by  indifferent  (venous)  blood  and  this  at  B4  by  the  4th  adrenal  specimen 
(collected  17  minutes  after  intravenous  injection  of  strychnine)  diluted  with  3 
volumes  of  indifferent  blood;  at  t6  by  the  6th  adrenal  specimen  (collected  after 
section  of  nerves  to  both  adrenals)  diluted  with  3  volumes  of  indifferent  blood. 
AH  the  bloods  were  diluted  with  3  volumes  Ringer.    Rcduced-to  one-balf. 


Fig.  13.  Intestine  tracmgs.  Bloods  from  cat  431.  At  SS  and  57  Ringer  was 
replaced  by  indifferent  (venous)  blood  and  this  at  36  by  the  4tb  adrenal  specimen 
(collected  17  minutes  after  intravenous  injection  of  strychnine)  diluted  with  3 
volumes  of  indifferent  blood;  at  5fiby  indifferent  blood  to  which  was  added  adre- 
nalin to  make  a  concentration  of  1: 1,600,000.  All  the  bloods  were,  diluted  with 
3  volumes  Ringer  (the  adrenalin  blood  after  adding  the  adrenalin).  Reduced  to 
one-half. 
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Fig.  14.  Intestine  traciDgs.  Bloods  from  cat  431.  At  4^,  iS  and  ^7  Ringer 
was  replaced  by  indifferent  (venous)  blood  and  this  at  H  by  indifferent  blood  to 
which  was  added  adrenalin  to  make  a  concentration  of  1: 3,300,000 i  at  i6  by  the 
0tb  adrenal  specimen  (collected  after  section  of  nerves  to  both  adrenals);  at.^ 
by  indifferent  blood  to  which  was  added  adrenalin  to  make  a  concentration  of 
1: 1,660,000.  All  the  bloods  were  diluted  with  3  volumes  Ringer  (the  adrenalin 
bloods  after  adding  the  adrenalin).    Reduced  to  one-half. 


Fig.  15.  Uterus  tracings.  Bloods  from  cat  431.  At  El  Ringer  was  replaced  by 
the  4th  adrenal  specimen  (collected  after  intravenous  injection  of  strychnine) 
diluted  with  3  volumes  of  indifferent  blood;  at  M  by  the  6th  adrenal  specimen 
(collected  after  section  of  nerves  to  both  adrenals)  diluted  with  I  volume  of  in- 
different blood ;  at  53  by  indifferent  (venous)  blood ;  at  fii  by  the  2nd  adrenal  spec- 
imen (collected  before  injection  of  strychnine);  at  BS  by  the  4th  adrenal  speci- 
men ;  at  SB  by  the  4th  adrenal  specimen  diluted  with  1  volume  of  indifferent  blood. 
AH  the  bloods  were  diluted  with  3  volumes  Ringer.    Reduced  to  two-thirds. 


lizcdbyGooi^Ie 


510  O.    N.   STEWART  AND  J.   U.   BOOOFF 

It  was  confinned  by  the  uterus  that  the  4th  specimen,  diluted  with 
3  volumes  of  indifferent  blood,  was  stronger  than  the  2nd  specimen 
undiluted  with  indifferent  blood,  and  at  any  rate  not  weaker  than  the 
6th  specimen  diluted  with  1  volume  of  indifferent  blood.  The  4th 
specimen  was  clearly  much  stronger  than  the  2nd  (fig.  15). 

This  experiment  is  a  complete  contrast  to  that  on  cat  318  in  which 
the  cervical  cord  was  transected  after  the  administration  of  strychnine. 
There  the  output  of  epinephrin,  increased  by  the  strychnine,  went  on 
unchanged.  In  the  present  experiment  strychnine  markedly  increased 
the  output,  but  even  incomplete  section  of  the  peripheral  adrenal 
secretory  paths  caused  a  great  diminution. 

ACCTE   EXPERIMENTS   ON   OTHER   ANIMALS  THAN   CATS 

Table  2  summarizes  the  results  of  acute  experiments  on  cervical 
section  in  3  dogs,  2  rhesus  monkeys  and  1  rabbit.  Two  experiments 
on  dogs  in  which  the  cord  was  semisected  in  the  cervical  region  are 
included  in  the  table.  In  the  dogs  and  monkeys  the  output  after 
cervical  cord  transection  was  always  less  than  before  the  transection, 
except  in  one  of  the  monkeys  where  the  initial  output  was  abnormally 
low  (shock  after  exposure  of  the  cord).  In  this  case,  as  noted  in  cats 
under  similar  conditions,  transection  of  the  cord  caused  no  further 
diminution  in  the  epinephrin  output.  S^nisection  of  the  cervical  cord 
in  dogs  yielded  results  of  the  same  general  character  as  in  cats.  In  one 
of  the  experiments  in  the  table  there  was  no  change  in  the  output  after 
the  semisection,  in  the  other  it  was  reduced. 

In  addition  to  the  acute  experiments  on  dogs  summarized  in  table  2, 
a  number  of  experiments  with  blood  pressure  auto-assays  were  made. 
Por  example,  in  a  dog  (351)  weighing  6.3  kgm.  the  output  was  esti- 
mated at  0.00015  mgm.  per  kgm.  per  minute.  The  blood  pressure 
was  94  mm,  of  mercury.  The  cord  was  then  transected  through  the 
5th  cervical  pair.  The  blood  pressure  fell  to  55  mm.  of  mercury.  The 
output  of  epinephrin  was  now  estimated  at  0.00003  mgm.  per  kgm. 
per  minute.  At  the  end  of  the  experiment  a  sample  of  adrenal  blood, 
collected  at  the  rate  of  1.0  gram  per  minute  assayed  (on  rabbit  seg- 
ments) at  1:3,000,000  corresponding  to  an  output  of  0.00005  mgm. 
per  kgm.  per  minute. 
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BCHVIVAL   EXPERIMENTS 

In  table  3  are  displayed  the  results  of  experiments  on  6  cats  and  4 
dogs  which  were  allowed  to  survive  transection  of  the  cervical  cord  for 

2  to  13  days.  It  will  be  seen  that  while  in  most  of  the  animals  an 
output  of  epinephrin  measurable  by  segments  of  the  sensitiveness 
employed  was  present,  the  output  never  attained  the  normal  average 
in  animals  with  intact  cord.  In  the  dogs  the  average  output  after 
cervical  cord  transection  is  considerably  greater  than  in  the  cats,  the 
opposite  of  what  is  found  in  the  acute  experiments  (see  tables  1  and  2). 
The  suggestion  is  that  the  mechanism  in  the  thoracic  cord  is  more  easily 
depressed  by  the  cervical  transection  (spinal  shock),  but  recovers  more 
easily  in  survival  experiments  in  the  dog  than  in  the  cat.  We  do  not 
know  whether  this  apparently  easier  recovery  means  anything  more 
than  that  the  dogs  in  general  in  our  survival  experiments  did  with- 
stand cervical  transection  better  than  the  cats.  They  ate  better, 
passed  urine  and  feces  more  normally  and  lived  longer.  Most  of  the 
cats  during  the  time  they  lived  or  were  permitted  to  live  neither  mic- 
turated nor  defecated,  althoi^h  the  bladder  was  generally  much  dis- 
tended with  urine.  In  several  instances  the  bladder  was  artificially 
emptied  in  the  cats.  This  was  not  necessary  in  the  dogs.  It  is  well 
known  that  after  these  high  cord  transections  one  of  the  most  important 
precautions  to  be  taken  is  to  keep  up  the  body  temperature.  Although 
all  the  animals  were  kept  in  &  room  specially  warmed  day  and  night, 
the  dogs  were  somewhat  larger  than  the  cats  and  therefore  it  is  to  be 
supposed  would  not  cool  so  easily,  but  we  do  not  know  whether  this 
was  a  factor  in  their  better  condition.  Most  of  the  animals  were  in 
fair,  some  (including  those  taken  after  the  loi^eet  periods)  in  very 
good  condition  when  sacrificed.  It  would  be  desirable  to  make  obser- 
vations on  animals  after  much  longer  periods  of  survival. 

While  it  is  clear  from  these  experiments,  as  from  the  previous  ones, 
that  a  substantial  liberation  of  epinephrin,  sustained  from  the  thoracic 
cord,  may  be  present  in  animals  which  have  survived  cervical  cord 
transection  2  to  13  days,  it  is  impossible  to  say  whether  with  a  longer 
survival  period  the  output  would  approach  more  nearly  to  the  normal 
average  or  not.  Great  quantitative  and  possibly  some  qualitative 
changes  in  metabolism  foUow  such  a  lesion,  and  in  the  present  state  of 
our  knowledge  it  would  be  useless  to  speculate  as  to  how  these  might 
affect  the  upbuilding  or  output  of  epinephrin.    Mere  inanition  for 

3  days,  and  all  these  animals,  of  course,  take  little  food  for  some  time 
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after  the  operation,  does  not  appear,  so  far  as  can  be  judged  from  one 
experiment,  to  have  any  notable  influence.  Thus  a  cat  weighing  2.22 
k^.  received  no  food  for  3  days.  The  stomach  and  intestines  were 
empty  except  for  some  feces  in  the  lower  colon.  Under  urethane 
specimens  of  adrenal  blood  were  obtained  in  the  usual  way.  The  2nd 
specimen  (1.67  gram  per  minute)  was  assayed  at  1:4,000,000  epineph- 
rin,  corresponding  to  an  output  of  0.00042  mgm.  per  minute  for  the 
cat,  or  0.0002  mgm.  per  kgm.  per  minute.  The  4th  specimen  (1.27 
gram  per  minute)  was  assayed  at  1 : 2,800,000  epinephrin,  corresponding 
to  0.00045  mgm.  per  minute  for  the  cat,  or  0.0002  mgm.  per  kgm.  per 
minute. 

It  was  shown  that  strychnine  exerted  its  stimulating  effect  upon  the 
epinephrin  output  in  these  survival  experiments,  doubtless  by  acting 
upon  the  thoracic  cord  mechanism,  which  was  already  sustaining  what- 
ever output  was  going  on.  Where  the  initial  output  is  quite  small,  as 
in  a  cat  (424)  in  which  the  transection  was  made  not  in  the  cervical 
region  but  between  the  first  and  second  dorsal  segments,  the  relative 
increase  produced  by  strychnine  may  be  very  great. 

Condensed  protocol.    Cat  ttii  female;  weight,  t.l  kgm. 

December  0.    Excised  left  superior  cervical  ganglion. 

December  20.  Cord  transected  between  origins  of  1st  and  Qnd  dorsal  nerves. 
Immediately  after  cord  section  (while  still  anesthetized),  tbe  left  pupil  became 
wider  than  the  right  (both  dilated),  but  on  recovery  the  left  pupil  contractedand 
left  nictitating  membrane  came  forward  as  in  animsils  without  cord  section. 

December  24.  Condition  good.  Left  pupil  contracted  and  nictitating  mem- 
brane forward. 

10.10  a.m.    Administered  a  little  ether  to  insert  tracheal  and  jugular  cannulae 
and  obtained  indifferent  (jugular)  blood.    Isolated  right  aud  left 
vago-aympathetic  nerves  on  loose  ligatures.    Thereafter  no  more 
ether  was  needed. 
10.30  a.m.     Left  pupil  contracted  and  nictitating  membrane  forward. 

Cut  left,  then  right  vago-sympathetic  nerves.    After  section  of  the 
right  vago-eympathetio  both  pupils  became  smaller  but  the  left 
remained  smaller  than  the  right;  left  nictitating  forward. 
10.46  a.m.    Cava  pooket  completed.    The  coeliac  aiis,  renal  and  mesenteric  ar- 
teries  and  abdominal  aorta  (above  bifurcation)  were  tied,  in  addi- 
tion to  the  veins  entering  the  cava  pooket.    The  operative  field 
was  of  course  totally  insensitive  owing  to  the  cord  section. 
10.60  a.m.    Left  pupil  wider  than  right;  both  nictitating  membranes  forward. 
10.62  a.m.    Left  pupil  wider  than  rigjit;  left  nictitating  back;  left  aperture  wider 
than  right. 
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10.55  a.m.  to  11.20  ft.m.  Two  2-miiiute  and  one  S-minute  poeket  obMrvfttiona 
gave  DO  reaotioDs  with  the  pupil ;  0.6  ec.  1 ;  660,000  adrenalin  gave  a 
good  pupil  reaction.    Collected  adrenal  blood. 

11.30  a.m.    First  specimen,  0.45  gnm  in  30  seconds  (0.0  gram  per  minute). 

11.30}  a.m.  Second  specimen,  5.05  gnme  in  6  minutes  (0.S4  gnun  per  minute). 

11.42  a.m.    Started  artificial  respiration. 

11.45  a.m.  Intravenous  injection  of  0.5  mgm.  Btrychnine.  In  a  few  seconds  a 
tonic  convulsion  occurred  wiiieh  waa  followed  after  a  few  seconds 
by  clonic  spasms.  During  the  spasms  the  left  pupil  became  max- 
imally dilated,  the  right  pupil  about  one  half  dilated,  the  left 
nictitating  membrane  retracted  and  the  right  forward.  On  clip- 
ping off  the  pocket  for  3  minutes  the  left  pupil  came  down  some- 
what and  the  nictitating  membrane  came  forward  slightly,  but  the 
left  pupil  remained  wider  than  the  right. 

11.611  a.m.  Third  adrenal  specimen,  0.5  gram  in  30  seconds  (1,0  gram  per  minute). 

11.62  a.m.  Fourth  adrenal  specimen,  3.7  grams  in  7  minutes  (0.53  gram  per  min- 
ute). On  release  of  the  poeket  clip  after  collecting  the  4th  speci- 
men, a  good  pupil  and  nictitating  reaction  was  observed  on  the 
left  side  although  the  left  pupil  was  already  wide).  Another  speci- 
men of  indifferent  blood  was  now  obtained. 

The  2nd  specimeD  (taken  before  strychnine  injection)  waa  assayed 
at  1 :  150,000,000.  This  corresponds  to  an  output  of  only  0.0000055 
mgm.  per  minute  for  the  cat,  or  0.0000025  mgm.  per  kgm.  per  minute, 
one-hundredth  of  the  normal  average.  Figure  16  gives  some  of  the 
tracings  used  in  the  assay  of  the  2nd  specimen.  It  was  weaker  than 
1 :  130,000,000  adrenalin,  stronger  than  1 :  195,000,000.  Other  tracings, 
not  reproduced,  showed  that  it  was  much  weaker  than  1: 65,000,000. 
Fortunately  the  segment  was  exceptionally  sensitive,  as  will  be  seen 
from  the  excellent  reactions  given  with  blood  so  poor  in  epinephrin. 
It  must  be  remembered  that,  as  applied  to  the  segment,  the  bloods 
being  diluted  with  3  volumes  of  Ringer's  solution,  the  actual  concen- 
trations of  epinephrin  were  only  one-fourth  of  those  given.  This 
illustrates  a  point  of  technique  on  which  we  have  often  insisted,  but 
which  is  still  overlooked  by  some  investigators,  namely,  that  the  mere 
occurrence  of  a  large  inhibitory  reaction  of  an  intestine  segment  gives 
no  information  as  to  the  concentration  of  epinephrin  in  the  blood 
producing  it  until  the  sensitiveness  of  the  segment  for  epinephrin  has 
been  quantitatively  determined. 

It  was  shown  that  the  4th  specimen,  collected  after  strychnine,  was 
much  stronger  than  1 : 6,500,(K}0,  and  stronger  than  1 : 1,3(X),000  adrenar 
lin.  Diluted  with  3  volumes  of  indifferent  blood  it  was  not  much 
different  from  1:3,900,000,  i.e.,  the  4th  specimen  was  not  far  from 
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1:1,000,000.  It  was  decidedly  stronger  than  1:1,625,000  (fig.  17, 
observations  34  and  36),  weaker  than  1:650,000  (fig.  17,  observations 
38  and  40).  Another  series  of  observations  was  made  in  which  the 
4th  specimen  was  diluted  with  7  volumes  and  with  14  volumes  of 
indifferent  blood,  in  order  to  reduce  the  inhibitory  reactions  so  as  to 
permit  of  a  more  exact  assay.  In  this  way  also  it  wEts  shown  that 
the  specimen  was  stronger  than  1: 1,300,000  and  weaker  than  1:870,000. 
It'was  finally  taken  at  1:1,000,000,  corresponding  to  an  output  of 
0.00053  mgm.  per  minute  for  the  cat,  or  0,00025  mgm.  per  kgm.  per 
minute,  the  normal  average,  and  not  less  than  one  hundred  times  the 
output  before  strychnine.     It  was  confirmed  by  the  uterus  that  the 


Fig.  IS.  Intestine  tracings.  Bloods  from  cat  424.  At  IS,  IS  and  17  Ringer 
was  replaced  by  indifferent  (venous)  blood  and  this  at  li  by  indifferent  blood  to 
which  was  added  adrenalin  to  make  a  concentration  of  1: 130,000,000;  at  16  by 
the  2nd  adrenal  specimen  (collected  before  injection  of  strychnine) ;  at  18  by  in- 
different blood  to  which  was  added  adrenalin  to  make  a  concentration  of  1 :  195,* 
000,000.  All  the  bloods  were  diluted  with  3  volumes  Ringer  (the  adrenalin  bloods 
after  adding  the  adrenalin).    Reduced  to  one-half. 

4th  specimen  gave  a  good  epinephnn  reaction,  whereas  the  Snd  speci- 
men and  indifferent  blood  in  the  same  dilution  gave  no  reaction.  The 
uterus  was  not  particularly  sensitive. 

Advantage  was  taken  of  the  fact  that  it  was  possible  to  obtain  adrenal 
vein  blood  without  the  administration  of  an  anesthetic  to  test  the 
question  whether  ether  causes  any  measurable  increase  in  the  output 
after  transection  of  the  cervical  cord.  In  no  case  was  any  such  effect 
produced.  With  intact  central  nervous  system  we  have  previously 
found  that  the  averse  output  is  if  anything  somewhat  less  with  ether 
than  with  urethane  (0).     An  observer  who  trusts  to  the  (denervated) 
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eye  reactioDB  alone  can  easily  be  deceived  by  the  fact  that  ether  increases 
the  sensitivity  of  the  test  object  to  epinephriu.  For  inetance  (in 
cat  336),  a  2-minute  pocket  without  anesthetic  gave  no  reaction.  Ether 
was  then  administered  and  now  a  2-minute  pocket  gave  an  excellent 
pupil  reaction.  This  was  confirmed  several  times.  It  was  shown  that 
the  increased  reaction  could  not  be  interpreted  as  due  to  an  augmenta- 
tion of  the  epinephrin  output  by  etherization  since  the  reaction  to  one 
and  the  same  dose  of  adrenalin  artificially  injected  was  also  increased 
by  giving  ether.    This  is  illustrated  in  the  following  experimrait. 

Condensed  •protocol.    Cat  iJSS;  fetnaU;  meigkl,  1.8  kgm. 

December  9.    ExciMd  left  superior  cervical  ganglion. 

December  20.  Left  pupil  contracted  and  nicitattng  membrane  forward. 
Transected  cord  below  origin  of  8th  pair  of  cervical  nerves.  Immediately  after 
the  <tord  section  the  left  pupil  was  wider  than  the  right  pnd  the  right  nictitating 
protruded  more  than  the  left. 
December  23.  Condition  good.  I^eft  pupil  wider  than  right  as  it  bad  been 
since  the  cord  section,  both  nictitating  membranes  slightly  forward,  apertures  of 
both  eyes  about  the  same. 

9.45  a.m.  Administered  a  little  ether  to  insert  tracheal  and  jugular  cannulae. 
On  etherizing,  the  left  pupil  became  almost  maximal,  the  right 
pupil  dilated  but  not  so  widely  as  the  left,  the  right  nictitating 
protruded  more  than  the  left. 

10.15  a.m.    Cava  pocket  completed.    The  coeliac  axis,  renal  and  mesenteric  ar- 

teries  and  abdominal  aorta  (above  bifurcation)  were  tied  in  addi- 
tion to  the  veins  entering  the  cava  pocket. 

10.16  a.m.    Iicft  pupil  i  dilated;  right  pupil  slit-like;  left  aperture  slightly  wider 

than  right. 
10.18  a.m.     Pocket  observation  2  minutes;  no  eye  reaction. 
10.22  a.m.     Pocket  observation  3  minutes;  no  eye  reaction. 
10.25  to  10.35  a.ro.    0.5  oc.  adrenalin  1 : 2,700,000,  and  0.5  cc.  adrenalin  1 ;  2,000,000 

gave  no  reaction ;  0.5  cc.  adrenalin  1 : 1,330,000  gave  a  pupil  reaction 

in  11  aeconds. 
10.35  a.m.    Pocket  observation  4  minutes,  doubtful  reaction  if  any. 
10.40  a.m.    Etherised  to  surgical  anesthesia. 
10.45  a.m.    Pocket  observation  3  minutes  gave  a  pupil  reaction  in  14  seconds  and 

retraction  of  nictitating  membrane  2  seconds  later. 
10.50  a.m.    0.5  cc.  adrenalin  1 : 2,000,000  gave  a  very  good  pupil  reaction  in  11 

seconds. 
10.65  a.m.    O.S  CO.  adrenalin  1 : 2,700,000  gave  a  definite  reaction  in  8.6  seconds; 

0.5  00.  adrenalin  1:4,000,000,  doubtful  if  any  reaction. 

This  experiment  brings  out  another  point,  namely,  the  reversal  of 
the  eye  phenomena  after  section  of  the  cord,  which  Schafer  (7)  has 
called  attention  to  as  occurring  after  section  of  the  cervical  sympathetic 
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on  the  side  opposite  to  that  on  whicb  the  superior  cervical  gaoglion  has 
been  excised.  The  same  reversal  was  observed  on  section  of  the  cord 
just  below  the  8th  cervical  segment  in  cat  422.  The  left  superior 
cervical  ganglion  (in  cat  422)  was  excised  a  fortnight  before  section  of 
the  cord.  Up  to  the  time  when  the  cord  was  divided  the  left  pupil  was 
smaller  than  the  r^t  and  the  left  nictitating  membrane  was  less  re- 
tracted than  the  right.  On  section  of  the  cord  the  left  pupil  became 
wider  than  the  right  and  the  right  nictitating  protruded  further  than 
the  left.  This  condition  persisted  for  the  two  days  during  which  the 
animal  was  allowed  to  survive.  At  the  end  of  the  experiment  in  which 
adrenal  blood  was  obtained,  the  observation  was  made  when  the  animal 
was  being  bled  to  death  that  with  the  onset  of  asphyxia  the  left  pupil 
dilated  widely  but  not  bo  widely  as  the  right  which  went  to  maximal 
dilatation.  The  right  nictitating  became  completely  retracted,  while 
the  left  was  still  visible.  The  right  aperture  became  wider  than  the 
left  and  remained  so  until  death.  No  anesthetic  was  administered  as 
of  course  the  whole  operative  field  was  completely  insensitive.  In  oat 
424,  in  which  the  cord  was  transected  between  the  first  and  second 
dorsal  s^ments,  the  reversal  of  the  eye  phenomena  was  not  seen. 

OBBERVATIONS  ON  THE  ADRBKAL  EPINEPHRIK  STORE  AVTEB 
TRANSECTIONS  OP  THE  CORD 

In  many  of  the  animRlB  the  epinephrin  store  of  the  adrenals  was 
estimated  at  the  end  of  the  experiment.  The  results  are  collected 
in  table  4.  In  the  two  acute  experiments,  one  on  a  monkey,  the  other 
on  a  dog,  the  load  is  less  than  would  be  expected  in  a  normal  animal 
killed  without  anesthetic.  But  these  animals  were  necessarily  anes- 
thetized for  some  time  before  the  cord  transection,  and  thereafter, 
nothing  can  be  deduced  from  this  as  to  any  influence  of  the  cord  lesion 
on  the  store.  In  the  survival  experiments,  in  many  of  which  Uttle  or 
no  anesthetic  was  required  for  the  final  experiment,  the  field  of  opentr- 
tion  being  insensitive,  there  is  no  conspicuous  difference  in  the  store 
from  what  would  be  expected  in  normal  animals.  If  it  looks  some- 
what too  low  in  some  of  the  animals,  it  is  fully  as  great  as  the  normal 
load  in  others.  The  effect  of  post-operative  depletion,  following  the 
initial  operation  in  which  the  cord  was  divided  cannot  be  altogether 
excluded,  although  it  is  not  evident.  For  ^cample,  in  cat  419,  which 
was  taken  20  hours  after  the  cord  section,  there  was  a  full  load. 
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WmiOBT  ow 

mnnwrmmui 

an  or 

*"'"" 

IHUUl 

L«ft 

Rwht 

L.ft 

Riaht 

trim. 

tr^m. 

HVm. 

■Km. 

333 

GAt 

0.231 

0.230 

0.16 

0,16 

Cervical  cord  Bection  below  6th  seg- 
ment ;  Burvival  3  days 

336 

Cat 

0.151 

0.155 

0.16 

0.18 

Cervical  cord  section  above  7th  seg- 
ment: survival  3  days 

336 

Cat 

0.197 

0.186 

0.14 

0.14 

Cervical  cord  wction  through7th  seg- 
ment: survival  3  days 

337 

Cat 

0.257 

0.278 

0.16 

0.17 

Cervical  cord  section  above  6tfa  seg- 
ment; survival  3  days 

m 

Cftt 

0.192 

0.186 

0.23 

0.23 

Cervical  cord  section  through  6th 
segment:  survival  7  days 

348 

Cat 

0.228 

0.224 

0.26 

0.26 

Dorsal  cord  eeotioa  below  5th  seg- 
ment: aurrival  6  days 

419 

Cat 

0.241 

0.220 

0.26 

0.26 

Cervical  cord  section  below  7th  seg- 
ment :  survival  20  hours 

4S0 

Cat 

0.162 

0.148 

0.15 

0,15 

Cervical  cord  section  below  6th  seg- 
ment: survival  3  days 

421 

Cat 

0.230 

0.218 

0.22 

0.22 

Cervical  cord  section  through  7th 
segment:  survival  4  days 

422 

Cat 

0.184 

0.162 

0.13 

0.14 

Cervical  cord  section  below  8th  seg- 
ment; survival  2  days 

423 

Cat 

0.208 

0.200 

0.19 

0,19 

Cervical  cord  section  below  8th  seg- 
ment: survival  3  days 

338 

Dog 

0.3OT 

0.372 

0.42 

0.40 

Cervical  cord  seotion  below  7th  seg- 
ment; survival  6  days 

345 

Dog 

0.480 

0.460 

0.46 

0.47 

Cervical  cord  section  below  7th  seg- 
ment: survival  8  days 

347 

Dog 

0.488 

0.S20 

0.64 

0.66 

Cervical  cord  section  below  7th  eeg- 
meut:  survival  13  days 

349 

Dog 

0.722 

0.708 

1.31 

1.33 

Dorsal  cord  section  below  6th  seg> 
ment:  survival  7  days 

352 

Dog 

0.964 

0.922 

0.41 

0.42 

Acute  experiment:  morphine  and 
ether;  cervical  cord  section  below 
6th  segment:  also  dorsal  section 

394 

Dog 

0.406 

0,352 

0.47 

0.46 

Cervical  cord  section  below  6th  seg- 
ment :  survival  8  days 

395 

Dog 

0.620 

0.41S 

0.48 

0.48 

Cervical  cord  section  below  etb  seg- 
ment: survival  11  days 

276 

Monkey 

0.480 

0.467 

0.20 

0,20 

Uretbane  anesthesia;  acute  experi- 
ment: cord  section  below  last  cer- 
vical segment:  adrenals  assayed 
next  day 
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TABLE  a 


or 

To-ir^' 

'"^^;s?' 

Ldt 

Ritbt 

Left 

Ri«bt 

339 

340 
341 
342 
343 

344 

0.212 

0.180 
0.330 
0.344 
0.210 

0.22 

0.186 

0.148 
0.300 
0.320 
0.23a 

0.24 

0.26 

0.16 
0.34 
0.31 
0.25 

0.21 

0.20 

0.16 
0.34 
0,31 

0.16 

0.21 

Under  ether  cervical  cord  sectioned  below.Tth 
segment,  left  Adrenal  excised  and  ether  ad- 
ministered forShoursand  15  minutes,  then 
removed  right  adrenal 

Cat  died  8  days  after  denervAtion  of  left  ad- 
renal and  2  days  after  cervical  cord  section 

Left  adrenal  denervated  9  days;  cervical  cord 
transected  below  6th  segment  3  days;  cat 
dying  when  adrenals  were  removed 

Left  adrenal  denervated  9  days;  cervical  cord 
transected  below  6th  segment  3  dsya;  ether 
2  hours;  cat  in  moribund  condition 

Under  ether  sectioned  cervical  cord  (between 
5th  and  6th  aegmenta) ;  excised  left  adrenal; 
then  morphine  60  mgm.,  injected  hypoder- 
mioally;  removed  right  adrenal  5i  hours 
later 

Under  ether,  sectioned  cervical  cord  (above 
6th  segment);  excised  left  adrenal;  then  6 
cc,  of  2  per  cent  solution  of  p-tetrahydro- 
napthylamine  injected  hypodermically; 
rigjit  adrenal  excised  5  hours  lat«r 

In  table  5  are  given  the  results  on  6  cats  in  which  a  differential  effect 
on  the  two  adrenals  could  have  been  manifested,  either  because  one 
gland  had  been  previously  denervated  or  because  one  adrenal  was 
removed  early  and  the  other  at  the  end  of  the  experiment.  In  the  one 
experiment  tried,  morphine  seemed  to  produce  its  ordinary  differential 
depletion  after  cervical  transection,  qualitatively  at  any  rate.  It 
would  be  impossible  without  more  experiments  to  know  whether  the 
effect  was  as  great  quantitatively  as  with  intact  cord.  In  the  one 
experiment  made,  0-tetrahydronaphthylamine  caused  no  differential 
effect.  Both  with  morphine  and  0-tetra  the  usual  symptoms  were 
elicited,  so  far  as  they  could  be  manifested  by  the  portion  of  the  animal 
innervated  from  above  the  cord  lesion.  In  3  cats,  dead  or  moribund 
at  the  time  the  adrenals  were  removed,  the  store  was  the  same  in  each 
gland.    This  has  little  significance,  as  the  same  may  be  seen  with  intact 
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eord,  although  often  in  animalfl  dying  in  the  laboratory  after  section 
of  the  nerves  of  one  adrenal  a  marked  difference  in  the  store  has  been 
found. 

SUHUART 

1.  Our  previous  work  on  the  liberation  of  epinephrin  after  the  tran- 
section of  the  cervical  cord  at  various  levels  in  acute  experiments  on 
cats  has  been  confirmed  and  extended.  The  output  may  be  unaltered 
by  the  transection,  or  it  may  be  diminished.  Evidence  is  given  that 
when  the  output  is  diminished  this  is  due  to  "spinal  shock"  of  the 
mechanism  in  the  thoracic  cord  concerned  in  sustaining  the  epinephrin 
output.  When  the  bulb  and  brun  were  eliminated  by  a  bloodless 
method  (ligation  of  the  head  arteries)  the  output  remained  unifonnly 
undiminished . 

2.  In  dogs  the  epinephrin  output  in  acute  experiments  was  always 
diminished  by  transection  of  the  cervical  cord,  owing,  it  is  suggested, 
to  the  greater  susceptibility  to  spinal  shock  of  the  epinephrin  secre- 
tory mechanism.  The  two  monkeys  examined  showed  in  this  regard 
the  same  behavior  as  the  dogs. 

3.  In  survival  experiments,  the  output  never  equalled  the  average 
ordinary  output,  although  it  was  often  substantial.  In  these  experi- 
ments it  appeared  that  in  dogs  the  output  approached  more  nearly  to 
that  found  in  animals  with  intact  nervous  system  than  in  cats,  the 
opposite  of  what  was  seen  in  the  acute  experiments,  as  if  the  secretory 
mechanism  in  dogs,  although  more  easily  depressed  by  the  spinal 
section,  recovered  to  a  greater  degree  in  the  relatively  short  periods  for 
which  the  animals  were  kept  alive  (up  to  13  days).  It  is  not  known 
whether  the  better  general  condition  of  the  dogs  than  of  the  cats  after 
the  operation  is  a  factor  in  this  recovery.  m 

4.  Strychnine  increases  markedly  the  epinephrin  output  after  tran- 
section of  the  cervical  cord  both  in  acute  and  survival  experiments. 
The  action  is  central  (on  the  thoracic  cord). 
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The  catalaae  content  of  body  fluids  and  solid  tisauea,  particularly 
the  relation  of  catalase  to  activity  and  oxidation  processes  in  general, 
has  been  the  subject  of  much  investigation  in  recent  years,  especially 
by  Burge  and  his  coworkers  (1).  Their  results  have  been  striking  in 
many  respects  althoi^h  their  methods  have  been  criticised  by  Bedit  (2) 
and  also  by  Reimann  and  Becker  (3). 

The  results  which  are  obtained  in  attempting  to  make  quantitative 
determinations  of  catalase  strongly  support  Becht's  statement  that  no 
satisfactory  method  has  yet  been  devised  for  the  determination  of 
catalase  in  solid  tissue;  that  is,  a  method  giving  imiform  and  accurate 
meaeur^nents  of  catalase.  It  is  of  course  impossible  to  comminute 
solid  tissue,  such  as  heart  muscle,  to  the  Bame  degree  of  separation 
twice  in  succession;  but  such  comminutions  may  be  made  to  approach 
each  other  very  closely  at  least,  and,  provided  the  determinations 
are  carried  out  at  the  same  temperature — and  this  has  seemed  to  be 
the  more  decisive  factor — fairly  accurate  and  satisfactory  results  can 
be  secured. 

It  is  also  true,  as  Becht  pointed  out,  that  the  oxygen  release  by  the 
catalase  of  solid  tissue  acting  upon  peroxide  is  not  complete  in  ten 
minutes  (the  time  period  most  frequently  used  as  a  standard),  but  it 
seems  proper  to  aasmne  a  quantitative  relationship  between  the  amount 
of  catalase  present  and  the  amount  of  gas  evolved  in  a  stated  period  of 
time;  more  especially  would  such  a  relationship  be  properly  assumed 
when  it  is  desired  to  consider  catalase  in  its  relation  to  activity. 

The  experiments  outlined  below  were  begun  before  the  criticisms 
were  offered  and  previous  to  the  suggestion  of  more  exact  methods  by 
Harvey  (4);  the  method  used  by  Burge  for  the  determination  of  cata- 
lase has  been  followed  although  the  apparatus  for  the  collection  of 
oxygen  much  more  resembled  that  used  by  Becht.     Since  the  results 
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deured  were  not  primarily  mere  quantitative  ones  but  rather  simply  a 
Beries  of  measurements  which  might  be  properiy  comparable  with  each 
other  there  would  seem  to  be  no  valid  reason  why  such  comparisons 
may  not  be  made  with  the  results  secured  by  Surge's  method. 

The  comparative  results  presented  are  based  upon  the  amount  of 
gas  evolved  by  1  gram  of  finely  comminuted  ventricular  muscle  shaken 
200  double  shakes  per  minute  with  50  cc.  of  hydrogen  peroxide  for  a 
period  of  ten  minutes.  Proper  adjustments  for  pressure  were  always 
made  and  any  results  that  are  compared  were  alwayB  secured  at  the 
same  temperature,  although  a  uniform  temperature  has  not  been 
maintained  for  all  determinations. 

In  one  of  his  earlier  papers  Burge  (5)  stated  that  "the  amount  ti 
catalase  in  the  different  muscles  of  the  body  varies  with  the  amount 
of  work  done  by  these  muscles;  those  doing  the  greatest  amount  of 
work  contain  the  most  catalase,  while  the  muscles  doing  least  work 
contain  least  catalase."  He  stated  further  that  "by  increasing  or 
.  decreasing  the  external  physical  work  of  a  muscle  the  amount  of  cata- 
lase is  correspondingly  increased  or  decreased." 

Mary  Mitchell  Moore  (6),  in  presenting  evidence  for  the  enzymatic 
basis  of  the  heart  beat,  concludes  that  "the  changes  in  the  heart  beat 
of  the  Fundulus  embryo  at  high  temperatures  are  such  as  would  be 
expected  in  case  the  rhythmical  contractions  of  the  heart  depend  upon 
the  velocity  of  an  enayme  reaction."  And  further  that  "since  the 
temperature  necessary  to  bring  about  standstill  of  the  heart  varies 
-with  the  time  of  exposure  that  it  indicates  a  temperature  coefficient  of 
trhe  .destruction  of  the  enzyme." 

From  such  statements  by  these  two  investigators  it  would  seem  a 
proper  assiunption  that  the  amount  of  catalase  in  heart  muscle  would 
vary  with  its  activity.  To  test  the  truth  of  such  an  assumption  deter- 
minations were  made  of  the  catalase  present  in  hearts  of  turtles  (Pseu- 
demys  scabra)  under  varying  conditions. 

It  was  found  most  convenient  to  make  the  determinations  in  sets  of 
threes;  the  results  presented  are  therefore  based  upon  the  use  of  one 
control  heart  and  two  hearts  under  modified  conditions.  Several  such 
group  determinations  were  averaged  and  whenever  the  turtle  heart 
was  of  sufficient  size,  and  this  was  usually  true,  two  determinations 
■were  made  with  each  heart.  To  cite  a  typical  example  of  the  method 
■of  procedure:  three  turtles  were  taken  and  the  carapace  of  each  was 
trephined,  exposing  the  heart.  A  small  opening  into  the  pericardium 
.permitted  the  introduction  of  a  thermometer  and  the  reading  thus 
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taken  has  been  called  "blood"  temperature.  The  trephined  opening 
permitted  the  heart  beat  to  be  counted  while  at  the  same  time  it  made 
simple  the  subsequent  warming  or  cooling  of  the  entire  turtle  without 
loes  of  blood  or  other  dieturbance  of  the  heart.  The  opening  was  of 
sufficient  size  to  allow  the  rapid  removal  of  the  heart  at  any  time  it 
was  desired  to  make  a  determination  of  the  catalase  content. 

The  following  table  shows  some  of  the  results  secured  by  determi- 
nations of  catalase: 


* 
1 

■■in  lATB 

i 

■ATI 

5' 
U 

5-3 

•c. 

•c. 

«. 

A 

1 

Otol 

1 

Control 

Heart  uolated  and  warmed 

Whole  turtle  warmed 

28 
27 

30  to  40 
25  to  30 

4a 

33 
69 

B 

18 
19 
16 

9  to  15 
16 
20 

Control 

Heart  isolated  and  warmed 

Heart  JBolated  and  cooled 

37 

7 

70 
4J 

75 
61 
65 

C 

-2 
-2 

None; 
froien 

BOlid 

Turtle    slowly    warmed    4 

hours 
Same ;  8  hours 

14 
21 

6 

21 

83 
73 

It  will  be  noted  that  the  table  has  been  sub-divided  into  three  parts, 
A,  B  and  C,  representing  groups  of  determinations  made  under  differ- 
ent conditions. 

Group  A  represents  turtles  that  had  been  kept  for  several  weeks  in 
an  ice-covered  tank  and  in  which  the  "blood"  temperature  was  approx- 
imately I'C,  and  the  average  heart  rate  IJ  per  minute.  The  catalase 
determinations  were  made  at  a  room  temperature  of  17°C.  Control 
hearts  immediately  isolated  evolved  an  average  of  43  cc.  of  oxygen 
per  gram  of  ventricular  muscle  in  ten  minutes.  Isolated  hearts  sub- 
sequently warmed  until  the  heart  rate  was  30  to  40  at  a  temperature  of 
28°  evolved  an  average  of  33  cc.  of  gas,  a  decrease  of  approximately 
25  per  cent.  Hearts  beating  25  to  30  times  per  minute  in  situ  as  the 
result'  of  warming  the  entire  turtle  to  27°  showed  an  increase  of  about 
35  per  cent. 

In  group  B  the  turtles  had  been  kept  at  room  temperature  (23°C.) 
for  six  hours  previous  to  the  determinations  with  hearts  beating  at 
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ratea  varying  from  15  to  20  per  minute,  one  turtle  having  an  arrhythmic 
rate  of  9.  Gas  evolved  by  the  control  hearts  averaged  75  cc.  in  ten 
minutes;  after  warming  isolated  hearts  until  the  heart  rate  was  70  and 
heat  rigor  was  imminent  at  37°C.,  the  average  amount  of  oxygen  was 
61  cc,  a  decrease  of  19  per  cent,  while  after  cooling  the  isolated  hearts 
to  7°C.,  when  the  heart  rate  decreased  to  4^,  the  average  amount  of 
gas  evolved  was  65  cc.  The  difference  between  the  wanned  and  cooled 
hearts,  or  hearts  beating  70  times  per  minute  and  those  beating  at  4, 
is  in  favor  of  those  at  the  slower  rate — but  this  is  probably  to  be  ac- 
counted for  by  the  error  of  method  rather  than  by  any  true  difference 
in  the  catalase  content.  All  determinations  in  this  group  were  made 
at  23''C. 

Group  C  is  in  reality  not  a  "group"  as  but  two  turtles  were  used, 
although  two  determinations  were  made  from  each.  However  the 
results  were  so  striking  that  they  have  been  included  in  the  table. 
The  turtles  had  been  exposed  to  a  temperature  of  —  6''C.  for  15  hours 
and  were  frozen  solid.  After  trephining  in  a  warm  room  the  thermom- 
eter was  forced  into  the  body  cavity  and  re^tered  —  2''C.  One  turtle 
was  slowly  warmed  for  four  hours  and  at  the  end  of  that  period  the 
heart  beat  was  reestablished,  the  rate  being  6,  reflexes  had  reappeared, 
and  the  intra-pericardial  temperature  was  14''C.  The  amount  of 
oxygen  released  by  one  gram  of  ventricular  muscle  was  83  cc.  in  ten 
minutes,  being  the  average  of  two  determinations  made  at  room  tem- 
perature of  23''C. 

The  second  turtle  was  permitted  to  r^nain  at  room  temperature 
for  an  additional  four  hours,  eight  hours  total,  and  at  the  end  of  that 
time  the  intra-pericardial  temperature  was  21°C.  with  a  heari^  rate  of 
21  beats  per  minute.  The  amount  of  gas  evolved  averaged  73  cc., 
both  determinations  giving  less  oxygen  than  either  of  the  determina- 
tions from  the  heart  beating  less  than  one-third  as  rapidly. 


Quantitative  determinations  by  Surge's  method  of  catalase  in  the 
ventricular  muscle  of  turtle  hearts  give  no  evidence  that  there  is  any 
close  relationship  between  the  activity  of  the  heart  and  the  amount  of 
catalase  pr^ent. 

Hearts  with  a  rapid  rate  as  the  result  of  warming  varied  both  plus 
and  minus,  as  compared  to  controls,  in  catalase  content,  the  greater 
number  showing  less  catalase. 
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It  was  ahown  by  McCollum  (1)  and  by  Osborne  and  Mende)  (2) 
that  tbe  lack  of  the  vitamine  or  unidentified  dietary  essential  known 
as  fat-soluble  A  causes  a  condition  of  the  eyes  of  rats  which  is  classed 
as  a  type  of  xerophthalmia.  The  eye-lids  become  extremely  swollen, 
so  that  they  are  opened  with  difficulty  or  not  at  all.  The  cornea  also 
becomes  inSamed,  and  blindness  and  death  result  unless  the  missing 
vitamine  is  supplied  before  the  condition  has  progressed  too  far.  This 
specific  effect  of  the  lack  of  fat-soluble  A  has  been  observed  repeatedly 
in  rats,  but  consideration  of  the  eEFect  of  such  deficiency  on  other 
species  has  been  generally  only  by  analogy.  The  occurrence  of  a 
condition  in  children  which  may  have  been  xerophthalmia  was  reported 
from  Japan  by  Mori  and  from  Denmark  by  Bloch  (3).  The  cases  in 
Denmark  were  young  children  who  had  been  fed  separator-skimmed 
milk.  Both  reported  that  the  patients  generally  recovered  after  feed- 
ii^  chicken  livers,  cod  liver  oil  or  whole  milk.  Cases  of  eye  trouble  or 
blindness  in  suckling  pigs  have  been  occasionally  reported  to  the  pres- 
ent authors.  The  possibility  that  this  may  be  due  to  a  deficiency  of 
fat-soluble  A  in  the  ration  of  the  sows  emphasizes  further  the  imfwr- 
tance  of  securing  definite  information  on  this  subject.  The  experi- 
mental production  of  this  condition  in  the  eyes  of  rats  does  not  prove, 
however,  that  the  feeding  of  a  ration  deficient  in  fat-so!uble  A  will 
produce  the  same  symptoms  in  another  species.  The  behavior  of  one 
species  under  certain  conditions  may  be  exceptional,  and  instances 
are  on  record  of  the  danger  of  generaUaation  from  experiments  with  a 

■  Published  with  the  permiasion  of  the  Director  of  the  Iowa  Agricultural 
Experiment  Station. 
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single  species.  An  exmnple  is  the  fact  that  a  diet  which  produces 
symptoms  of  scurvy  in  a  guinea  pig  does  not  similarly  affect  a  rat.  If 
the  guinea  pig  requires  a  certain  anti-scorbutic  substance,  the  rat 
apparently  needs  a  smaller  amount  or  does  not  need  it  at  all  (4). 

There  are  apparently  no  definite  experimental  data  on  the  compara- 
tive need  of  different  species  for  fat^olub'e  A,  although  it  la  assumed 
that  al!  animals  need  a  certain  minimum  amount  of  this  unidentified 
substance.  It  seems  possible  that  the  growth  impulse  may  be  a  factor, 
or  that  the  dietary  habits  of  the  species  may  influence  the  relative 
requirement.  Since  many  herbivorous  animals  subsist  largely  on 
materials  rich  in  fat-soluble  A,  as  green  leaves,  their  relative  need  for 
that  vitamine  may  be  greater  than  animals  whose  natural  diet  consiets 
largely  of  seeds  and  roots.  It  has  been  demonstrated  that  the  pig  is 
much  more  economical  with  the  limited  supply  of  calcium  at  its  dis- 
posal than  is  the  dairy  cow.  This  suggests  a  similar  varying  require- 
ment for  the  vitamines  also,  which  are  now  assimied  to  be  essential 
factors  in  the  nutrition  of  all  animals. 

The  study  of  the  requirement  of  several  species  of  animals  for  fat- 
soluble  A  has  been  begun  by  the  authors.  It  is  evident  from  the 
work  of  Osborne  and  Mendel  (2)  and  McCoUimi  (1)  that  the  develop- 
ment of  xerophthalmia  in  the  rat  is  a  specific  symptom  of  a  marked 
deficiency  in  fat-soluble  A,  and  we  consider  at  present  that  the  produc- 
tion of  such  a  symptom  in  another  species  is  an  important  step  toward 
determining  its  relative  or  absolute  requirements  for  that  substance. 
However,  our  criterion  for  the  completeness  of  a  ration  is  not  its  failure 
to  produce  such  a  definite  symptom  of  malnutrition,  but  its  ability  to 
cany  the  animal  through  a  normal  period  of  growth  and  at  least  one 
satisfactory  reproductive  period.  Until  these  points  are  investigated 
with  other  species  than  the  rat  the  importance  of  the  vitamines  in  the 
human  dietary,  or  in  the  ration  of  farm  animals  like  the  pig,  can  only 
be  assumed.  Furthermore,  a  deficiency  of  fat-soluble  A  in  some 
species  may  produce  some  other  symptom  than  xerophthalmia. 

EXPESIUENTAL 

At  the  outset  of  this  work  a  little  dilEcuIty  was  found  in  securing 
consumption  of  a  purified  ration  by  the  rabbits.  After  the  first  week, 
however,  the  feed  was  entirely  consumed  each  day  until  evidence  of 
malnutrition  appeared,  coincident  with  loss  of  appetite.  The  ration 
used  was  as  follows: 
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Satl  mixture 

Commercial  casein 20       NaCI 0.45 

Dextrin' 65       Mg80,.7H,0 1.10 

Salt  mixture 5       N8H,P0,.H,0 0.85 

Lactose 5       K,HPO. 2.40 

WheatembtTO 5       CaH,fPO.)..H,0 1.35 

CalacUte 3.00 

FeSO* 0.25 

KI trace 

To  this  mixture  was  added  alfalfa  meal  which  had  been  extracted 
with  hot  alcohol  for  three  or  four  days  to  remove  fat-soluble  A.  Rec- 
ords were  kept  of  the  feed  consumed  each  day.  The  average  daily 
feed  per  rabbit  was  60  grams  of  the  mixture  and  20  grams  of  extracted 
alfalfa.  This  was  mixed  with  enough  water  to  moisten  it  thoroughly. 
Additional  water  was  allowed. 

Three  rabbits  which  averaged  about  800  grams  in  weight  were  put  on 
this  ration,  with  one  litter  mate  (rabbit  3)  as  a  control  on  a  ration  of 
oats  and  alfalfa.  It  might  be  stated  that  our  controls  now  receive  the 
purified  ration  plus  butter-fat  instead  of  oats  and  alfalfa.  After  a 
month  on  the  casein-dextrin  ration  one  rabbit,  no.  6,  was  taken  out 
and  given  a  ration  of  oats,  gelatin,  dextrin,  salts,  agar  and  extracted 
alfalfa.  To  date  this  animal  has  shown  no  evidence  of  xerophthalmia 
but  has  remained  thrifty  and  growing.  Further  data  on  this  animal 
will  be  given  in  a  later  publication. 

Rabbits  4  and  5  remained  in  a  thrifty  condition,  growing  at  a  normal 
rate,  as  compared  to  the  control  animal,  for  a  period  of  sixty-one  days. 
At  this  point  both  rabbits  began  to  lose  appetite  and  the  eyes  became 
dull  and  slightly  cloudy.  A  day  or  two  later  white  films  appeared  over 
part  of  the  cornea.  At  this  point  butter-fat  was  mixed  with  the  ration 
of  animal  no.  5,  but  this  rabbit  refused  to  eat  even  fresh  green  lettuce 
and  became  steadily  worse.  Five  days  later  the  eyes  were  swollen 
nearly  shut  and  there  was  considerable  whitish  exudation.  The 
appearance  of  the  rabbit  at  this  time  is  shown  in  figure  1.  The  next 
day  the  animal  died,  having  become  entirely  blind  and  having  decreased 
in  weight  from  2170  grams  to  1375  grams  in  ten  days. 

Rabbit  4  continued  to  eat  enough  to  nearly  maintain  its  weight  for 
ten  days  after  the  first  appearance  of  an  abnormal  condition  of  the  eyes. 

.'  Starok  was  moistened  with  a  0.5-1.0  per  cent  solution  of  citric  acid  and 
heated  in  an  autoclave  at  15  pounds  for  1)  hours.  The  dextrin  was  broken  up 
while  drying,  and  finally  ground. 
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Fig.  I.  Rabbit  5,  ehowing  xerophthalmia.    Weight,  1375  grams. 


Fig.  2.  Rabbit  4,  showing  eye-lids  swollen  shut  as  result  of  xerophthalmia. 
Weight,  1430  grams. 
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Chart  1.  Growth  curve  of  rabbit  3,  the  control  on  oats  and  alfalfa;  of  no.  5, 
nhich  died  after  the  onset  of  xcrophthaliniaT  and  of  no.  4,  whicli  recovered  after 
the  administration  of  butter-fat. 


Fig.  3.  Rabbit  4,  showing 
652  grains. 


i,  fifteen  days  after  figure  2.    Weight 
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At  this  time,  when  the  .eye-lids  were  swollen  nearly  shut  and  were 
typically  congested,  the  rabbit  was  photographed  (see  fig.  2).  Ten 
grams  of  melted  butter-fat  were  given  by  mouth  with  a  pipette,  and 
5  grains  each  day  for  four  succeeding  days  were  given  in  the  same 
maimer.  During  these  days  the  r^;ular  casein  ration  was  fed  and  a 
total  of  5  grams  of  fresh  green  lettuce  and  15  grams  of  fresh  cabbage 
were  given  in  small  amounts  to  stimulate  the  appetite.  From  this 
point  nothing  was  fed  except  the  regular  casein  ration  to  wbich  about 
10  per  cent  butter-fat  had  been  added.  In  three  days  after  the  feeding 
of  butter-fat  began  the  eyes  were  much  improved,  and  in  seven  days 
they  were  entirely  normal  in  appearance.  The  animal  continued  to 
gain  in  weight,  with  increasing  appetite  and  other  evidences  of  well- 
being,  until  its  loss  in  weight  was  entirely  recovered  (see  chart  1). 
Figure  3  shows  the  appearance  of  this  rabbit  (no.  4)  fifteen  days  after 
the  feeding  of  butter-fat  was  b^^un. 

Further  experiments  on  the  effect  of  the  lack  of  fat-soluble  A  are 
now  in  prepress,  using  pigs,  guinea  pigs,  and  chickens.  We  expect  to 
determine  the  relative  requirements  of  these  and  other  species  for  this 
specific  vitamine. 
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For  several  BummerB  past  the  writers  have  had  opportunity  to  ob- 
eerve  the  flashing  of  Lampyridae.  In  the  summer  of  1915  great  num- 
bers (species  not  identified  but  probably  Photinus  pyralis  or  Photurus) 
were  observed,  but  only  once  or  twice  were  the  flashings  observed  to 
be  synchronous.  As  could  be  viewed  across  an  open  field  of  about  a 
hundred  yards,  vast  numbers  of  the  insects  were  flying  among  the 
lower  branches  and  at  the  edge  of  a  wood  of  oak  and  chestnut  trees. 
Thifi  summer  again  the  phenomenon  was  observed,  but  this  time  quite 
close  at  hand  in  an  open  lawn,  where  there  could  be  no  possible  ob- 
struction to  the  view.  There  were  a  dozen  or  more  beetles  flying 
about  three  feet  above  the  ground  from  which  they  apparently  had 
just  risen.  The  air  was  perfectly  still  and  very  humid.  The  syn- 
chronous character  of  the  flashings  continued  for  six  or  eight  flashes 
when  the  insects  were  lost  among  some  bushes  and  low  trees  toward 
which  they  had  been  drifting.  The  observers  were  thoroughly  con- 
vinced then  that  fireflies,  as  others  before  had  observedj  may  at  times 
flash  synchronously;  and  in  an  effort  to  gain  some  light  on  the  cause 
thereof,  the  following  study  was  made. 

It  was  first  decided  to  time  accurately  the  interval  between  flashes 
of  the  insects  in  their  normal  mating  flights.  It  was  soon  found  that  a 
stop-watch  enabling  one  to  read  an  interval  as  small  as  a  tenth  of  a 
second  was  a  satisfactory  instrument.  It  was  soon  evident  that  the 
temperature  was  an  important  factor,  and  so  a  good  thermometer 
wa?  hung  out  in  the  garden.  This  practically  completed  our  instru- 
mentarium. 

The  normal  mating  Sight  was  chosen  for  timing  the  interval  between 
flashes  because  it  is  only  during  this  activity  that  there  seems  to  be 
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any  rc^aritjr  in  the  pheDomenon.  It  must  have  been  the  experience 
of  others,  as  it  has  been  ours,  that  the  firefly  in  captivity  will  not  show 
any  marked  regularity  in  its  flashing  interval.  On  the  other  hand, 
those  individuals  that  arise  in  the  evening  from  their  day-time  haunts 
and  b^in  to  fly  about  in  the  air  unmolested  exhibit  a  remarkable 
regularity  in  the  interval  between  flashes.  The  deviations  in  this 
interval  that  did  occur  under  such  conditions,  it  seemed  to  us,  were  of 
such  an  order  that  they  could  be  easily  accounted  for  by  the  difference 
of  temperature  a,  of  various  strata  of  the  air  above  the  earth  especially 
during  a  cahn;  b,  of  the  bodies  of  the  insects  themselves.  Those  just 
beginning  to  fly,  and  still  close  to  the  earth,  are  probably  cooler  than 
those  that  have  been  in  flight  longer.  The  fact  that  bees  keep  them- 
selves warmer  in  the  hive  by  the  activity  of  their  wing  muscles  would 
support  this  assumption.  Direct  observation  of  individuals  seemed  to 
show  some  small  but  constant  differences  in  the  flashing  interval  of 
insects  near  their  day-time  retreats  (places  moist  and  cooler  than  the 
air  itself)  and  of  those  h^her  up  in  the  air,  that  had  been  presumably 
in  flight  a  longer  time.  The  flashing  interval  of  the  latter  insects  was 
shorter  than  that  of  the  former. 

The  duration  of  the  mating  flights  of  the  fireflies  seemed  to  be  from 
forty-five  minutes  to  an  hour,  or  about  the  period  of  the  twilight. 

The  results  of  the  systematic  observations  are  gathered  up  in  table  1. 
The  individual  readings  are  not  recorded  but  the  number  of  such  read- 
ings made  is  stated,  their  extremes  and  then  their  average  given  to- 
gether with  the  temperature  of  the  air.  This  latter  is  a  mean  reading 
for  the  evening  in  each  case.  For  the  ten  evenings  recorded  the 
variations  of  temperature  were  respectively  0.4,  0.0,  0.2,  0.75,  0.3,  0.0, 
0.2,  1.0,  0.4  and  CS^C. 

The  method  of  making  a  reading  was  to  record  the  interval  of  time 
between  two  successive  flashes  of  one  individual.  It  was  found  im- 
practicable and  unnecessary  always  to  follow  one  and  the  same  beetle 
for  more  than  one  reading.  It  happened  that  this  could  be  done 
sometimes  for  three  or  four  successive  readings  and  then  the  interval 
timed  turned  out  to  be  the  same  to  the  tenth  of  a  second.  The  inter- 
vals for  different  individuals  did  not  vary  greatly  for  the  most  part 
from  each  other  for  any  one  evening,  although  the  extremes,  as  the  table 
shows,  indicate  a  deviation  from  4  to  18  per  cent  from  the  meao.^     In 

<  On  the  other  hand  our  observations  agree  with  the  flashing  interval  a«  ob- 
served by  Mast  (la)  for  photinue  ■pyridit  in  western  Maryland.  Curiously,  and 
to  our  great  regret,  until  now  as  our  own  paper  is  passing  through  the  presewe 
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all  tbe  cases  where  the  readings  were  numeroua  the  average  is  aearty 
the  same  as  the  mean,  bo  it  was  thought  admissible  to  incorporate  ob> 
servations  for  those  evenings  when  the  readings  were  few.  For  the 
first  two  evenings  mentioned  in  the  table  only  the  extrefnea  of  the 
observations  were  recorded,  and  although  the  individual  obs^-vations 
were  numerous,  here  we  have  only  the  mean  which  ia  set  down  in 
brackets  among  the  averages.  Assuming  the  interval  between  two 
Bucoeseive  flashes  to  be  a  measure  of  the  rate,  this  latter  was  calcu- 
lated for  the  minute  and  set  down  in  the  last  column  of  the  table. 
Afl  will  be  noted  this  varies  from  8  to  nearly  16  flashes  per  minute 


Summary  of  obttreatiotu  i 


TABLE  1 
t  the  normal  flathing  inlervai  of  firefiiet  at  pari<nt» 
tempe^at^tret 
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according  to  the  temperature,  a  rate  quite  different  from  that  recorded 
for  Luciola  iialica,  80  to  100  by  Peters  (1),  and  60  to  80  by  Verwom  (2). 
It  will  be  noted  that  as  the  season  advances  the  number  of  readings 
becomes  smaller.  This  is  because  the  insects  become  fewer.  On 
August  26  not  a  single  firefly  was  found  although  we  watched  for  them 

have  been  ignorftnt  of  the  existence  -o!  this  excellent  tuticle.    It  should  be  oon- 
aulted  for  its  detailed  description  of  the  behavior  of  mating  fire-flies. 

From  Dr.  Mast's  description  it  appears  that  we  have  probably  reoorded  only 
the  flashing  interval  of  males,  since  we  did  not  undertake  to  capture  our  speci- 
mens and  identify  their  sex.  The  females  do  not  appear  to  fly  during  the 
twilight  activity.  But  since  the  females  flash  in  reply  to  the  flashing  signal 
only  of  the  male  (Mast),  one  would  not  anticipate  that  their  interval  is  greatly 
different  from  that  of  the  male. 
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even  ItHiger  than  usual.  The  temperature  was  also  the  lowest  of  any 
of  the  evenings  and  probably  contributed  toward  the  final  disappear- 
ance of  the  firefly  for  the  season. 


Fig,  1 

In  the  accompanying  figure  flashing  rate  is  plotted  against  tem- 
perature in  which  it  is  seeo  that  the  temperature  coefficient  for  a  differ* 
ence  of  10°,  Qio,  is  nearly  2,  and  that  the  curve  is  convex  to  the  tem- 
perature axis. 

In  table  2  the  flashing  rates  observed  near  temperatures  28',  26°, 
22°  and  19°  respectively  are  combined  and  the  value  of  Qio  determined 
from  the  formula  (3) 


■i^' 


(0 


from  which  it  appears  that  the  QtD  value  lies  somewhere  between  1.99 
and  1.95.  Let  us  put  it  at  1.976  and  use  this  value  as  a  basis  for  the 
calculation  of  flashing  rates  at  the  temperatures  given  in  the  table  for 
comparison  with  the  observed  rates.  The  magnitude  of  the  tempera- 
ture coefficient  already  suggests  that  the  flashing  reflex  is  principally 
dependent  upon  chemical  reactions.  This  makes  it  probable  that  the 
flashing  rate  can  be  calculated  from  the  van't  Hoff  formula 

logttk  -a  +  bt  (2) 
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where  k  is  the  observed  velocity  (in  thia  caae  the  flaahing  rate)  at  a 
given  toDperature,  t,  and  a  and  b  are  constants.  Theee  latter  values 
may  be  easily  determined,  for  the  above  value  of  Qm  is  itself  the  quotient 
of  two  rates  at  10  degrees  apart  and  hence 


0  =  10"-* 


(3) 


Since  from  (1)  Qm  =  1.976,  from  (3)  10"**  =■  1.976,  whence  b  =  .0295. 
Substituting  known  values  now  in  equation  (2)  we  find  a  =  1.3314. 
This  enables  us  to  use  (2)  as  often  as  we  like  for  unknown  values  of 
l<%iD  k.  Such  a  procedure  carried  out  for  the  temperatures  given  in 
table  2  shows  an  agreement  between  the  observed  and  calculated  values 
as  complete  as  one  could  desire. 


« 

(o-.*.v«,) 

On  -  ICPt* 

,ajL^ 

28. M 
26.26 
22.46 
19.4 

15.2 
12.35 
9.99 
8.1 

1.99 

1.9S 

1.99 

15.3 
12.78 
10.0 
8.0 

From  this  we  conclude  that  the  interval  between  the  normal  mating 
flashes  of  the  firefiies  in  our  garden*  (other  Variables  remaining  fairly 
constant)  is  a  function  of  the  temperature;  that  the  interval  indicates 
a  rate  of  fiashinga  varying  from  8  to  16  per  minute  between  19  and  29'C. ; 
and  that  this  variation  indicates  that,  whatever  else  its  nature  may  be, 
chemical   reactions   are   the   processes  fundamental   to    the   flashing 


The  physiologist,  however,  has  ^ready  classed  the  flashing  of  the 
lAmpyridae  among  the  uervou^  reflexes  of  animals.  It  is  known  to  be 
independent  of  the  phenomenon  of  luminescence,  a  process  that  is 
practically  continuous  or  at  least  pitched  at  a  vastly  greater  rate. 
But  like  the  respiratory  movements  or  the  heart  beat  the  luminescence 
is  at  intervals  greatly  intensified  and  this  we  call  the  "lightning"  or 
"flashing"  of  the  insects.  The  sudden  irr^ularities  or  complete  cessa- 
tion of  the  flashings  observed  when  the  insects  are  disturbed  or  put  in 
captivity  or  when  they  are  at  rest  or  feeding  is  no  more  reason  to 

*  Id  view  of  Dr.  Mast'e  statement  (la)  thia  conolusion  can  only  be  made  for 
male  Bpecimene  for  the  present.    See  foot  note,  page  638. 
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dan  tlte  lAeDomenoQ  as  arhythmic  than  it  would  be  to  class  thus  the 
flyiag  moTements  of  the  bee  because  they  cease  when  it  alights  upon  a 
blossom. 

Histological  studies  (4)  and  histological  studies  combined  with 
physiolc^ical  experiments  (5)  have  shown  that  although  not  connected 
directly  with  the  respiratory  muscles,  as  was  formerly  surmised,  the 
flashings  of  Lampyridae  are  nevertheless  primarily  controlled  by 
"nerves  in  direct  connection  with  photogenic  tissue  .  .  .  ."  (5). 
Furthermore,  "a  direct  control  relation  exists  between  the  photogenic 
organs  and  the  nerve  centers  of  the  head,"  and  most  probably  there  ia 
a  direct  connection  between  the  optic  organs  and  these  centers  (6). 

That  the  rate  of  flashings  can  not  be  increased  by  increasing  the 
rate  of  an  artificial  stimulus  as  has  been  lately  reported  by  Gates  (7), 
will  be  easily  understood  in  the  light  of  these  remarks  and  of  the  results 
of  this  study.  When  the  beetles  begin  their  mating  flight  the  flashing 
mechanism  discharges  as  fast  as  it  can,  that  is  as  fast  as  the  tempera- 
ture permits;  and  as  regularly  as  it  can,  that  is  as  regularly  as  the 
incident-inhibiting  influences  permit.  If  the  inhibitions  drop  to  zero 
the  discharges  take  on  a  regularity  comparable  to  any  other  of  the 
well-known  rhythmical  nervous  discharges,  such  as  the  respiratory 
discharge  in  the  medulla  of  vertebrates,  or  the  discharge  in  the  cord 
for  any  of  the  progression  reflexes.  But  all  of  these  reflexes  that  have 
been  investigated  for  the  purpose  show  that  they  too  have  a  tempera- 
ture coeflSpient  of  the  order  of  chemical  reaction  velocities  (8). 

The  flashing  mechanism  of  the  firefly  thus  appears  not  unlike  the 
mechanism  of  known  nerve  centers,  rhythmically  active  at  times,  at 
others  in  complete  quiescence. 

From  all  this  it  then  appeara  further  that  the  synchronous  flashing 
of  the  Lampyridae  no  longer  belongs  to  the  purely  accidental  nor  even 
necessarily  to  the  extremely  rare  phenomena  of  nature.  If  the  ex- 
treme deviation  from  the  mean  flashing  interval  is  no  more  than  4  per 
cent,  as  it  was  on  one  evening  of  our  observations,  or  even  as  much 
as  10  per  cent,  as  it  was  on  another  evening  (see  the  data  for  August  1 
and  24  in  table  I)  it  still  would  be  possible  for  the  flashings  apparently 
to  occur  in  unison,  that  is  to  occur  during  the  last  second,  say  of  an 
interval  of  six  seconds  duration.  The  necessary  conditions  for  this 
would  include  presumably  uniformity  of  moisture,  light  and  air  currents 
as  well  as  temperature. 

On  the  other  hand,  as  far  as  the  individual  beetle  is  concerned,  the 
synchronous  flashing  would  be  purely  accidental  and  utterly  devoid  of 
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any  rel&tioc  to  &  higher  intelligeiice  or  to  inetioct  or  any  commumty 
activity  Buch  aa  one  deseed  to  increase  the  candl&-power  of  a  com- 
munity lighting  plant. 
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If  an  annulus  of  subumbrella  tissue  of  a  scyphomedusa  such  as  Ca»' 
siopta  xamachana  be  stimulated  hy  an  induction  shock,  a  contraction 
wave  may  be  generated  which  will  proceed  in  one  direction  throi^h  the 
ring  of  tissue  and  continues  to  course  through  it  at  a  uniform  rate  pro- 
vided the  temperature,  sahnity,  CO*  and  other  factors  of  the  sea-water 
remain  constant, 

Harvey  (I)  observed  that  such  a  contraction  wave  travelled  through  a 
ring  of  Caesiopea  at  the  rate  of  about  77.5  cm.  per  Becond  for  11  days. 
Later  Mayor  (2)  found  from  a  etudy  of  8  rings  that  the  contraction 
wave  moved  at  an  average  rate  of  44  cm,  per  second  at  28.6''C.;  the 
range  among  the  8  medusae  being  from  38.4  to  48.1  cm.  per  second; 
and  many  other  unpublished  observations  made  since  that  time  show 
that  about  40  cm.  per  second  is  the  usual  rate  in  Casaiopeaa  of  large 
size,  although  each  individual  has  its  own  characteristic  rate,  which 
may  vary  with  age.  It  will  be  recalled  that  Romanes  (3)  found  that 
the  contraction  stimulus  in  Aurelta  moves  at  the  rate  of  22,9  cm.  per 
second. 

The  question  arose  as  to  whether  this  pulsation  was  neurogenic,  or 
myogenic  or  a  combination  of  the  two,  or  whether  it  was  transmitted  by 
the  epithelium  as  well  as  by  the  underlying  nerve  net  of  the  subum- 
brella of  the  medusa. 

Mayer  (4)  showed  that  the  stimulus  which  produced  this  muscular 
contraction  could  pass  through  recently  regenerated  tissue  which  had 
DO  muscles  and  could  not  contract.  Also  if  a  ring  of  subumbrella  tissue 
be  partially  immersed  in  J  molecular  MgSO*  the  immersed  part  soon 
loses  all  visible  contractibility,  yet  the  stimulus  still  passes  through  this 
non-contracting  area  and  stimulates  the  normal  muscles  into  contrac- 
tion. Heating  a  part  of  the  ring  to  about  37°C.  will  produce  the  same 
efFect,  the  muscles  of  the  heated  area  becoming  incapable  of  contrac- 
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tion  and  yet  the  stimulus  which  has  passed  through  such  heated 
tissue  causes  contraction  in  muscles  which  have  been  kept  at  a  nor- 
mal temperature  of  about  30°C, 

Moreover,  if  the  epithelial  and  oerrous  elements  be  peeled  off  leav- 
ing the  underlying  muscles  intact  no  contraction  stimulus  can  be  trans- 
mitted through  the  muscles  which  are  not  overlaid  by  nerves  and 
epithehum. 

Bethe  (5)  shows  that  the  pulsation  stimulus  in  Rhizoatoma  and  Cotj/' 
lorhiza  readily  passes  over  parts  of  the  Bubumbrella  where  no  muscles 
exist.     In  1919  at  Tortv^as,  Florida,  I  scraped  areas  such  as  A,  B,  C 


and  D,  figure  1,  (I),  bo  as  to  remove  all  muscular,  nervous  and  epithe- 
lial structures.  Previous  experiments  had  shown  that  the  epithelium 
and  the  nerves  regenerate  before  the  muscles.  Thus  at  the  end  of  one 
or  two  days  the  scraped  area  may  be  healed  over  by  a  thin  layer  of 
epithelium  underlaid  by  neurons,  but  the  muscles  will  not  usually 
develop  in  less  than  four  or  five  days.  If  at  the  end  of  a  day  or  two 
we  cut  an  annulus  of  subumbrella  tissue  as  in  figure  1,  (II)  and  acti- 
vate it  with  a  contraction  wave  traveling  as  shown  in  the  arrow  we 
may  then  make  cuts  as  shown  in  figure  1,  (III),  and  transform  the  ring 
into  the  shape  shown  in  figure  1,  (IV)  in  which  the  contraction  stimulus 
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is  forced  to  pass  over  areas  which  lack  muBcIea  but  have  nerves  and 
epithelia.  In  most  of  the  experiments  the  stimulus  could  not  be  made- 
to  pass  over  all  of  these  regenerated  areas  for  one  must  usually  wait 
some  time  qfter  the  epithelium  has  healed  over  before  the  area  can 
transmit  the  contraction  stimulus.  This  suggests  that  the  stimulus  is 
transmitted  by  the  nerve  net  and  not  by  the  epithelium. 

In  isome  cases,  however,  the  stimulus  was  able  to  pass  over  the  non- 
contracting  regenerated  areas  and  it  was  thus  possible  knowing  the 
length  of  the  regenerated  areas  in  comparison  with  the  circumference  of 
the  ring  to  determine  the  rate  of  conduction  in  the  regenerated  areas  by 
comparing  the  rate  shown  when  the  ring  was  in  the  condition  illustrated 
in  figure  1,  (II)  with  the  rate  shown  by  figure  1,  (IV).  In  various  experi- 
ments the  rate  through  the  regenerating  tissue  ranged  from  11.5  to 
46.5  cm.  per  second.  In  the  case  where  the  regenerating  tissue  gave  a 
rate  of  11.5  cm.  the  normal  tissue  of  the  same  ring  had  a  rate  of  39.8 
cm.  per  second;  but  in  the  example  wherein  the  rate  was  46.5  cm.  per 
second  in  the  regenerating  tissue,  it  was  44.6  in  the  normal  tissue  of  the 
same  ring,  the  temperature  being  30.2°C.  Thus  the  rate  of  conduction 
in  the  regenerating  tissue  was  from  about  one-third  normal,  to  fully 
normal  in  diHerent  cases.  During  the  experiment  the  r^enerating 
tissue  was  observed  under  the  microscope  to  see  whether  it  could  con< 
tract  and  after  the  experiment  it  was  killed  in  Bouin's  fluid  stained  in 
Ehrlich's  haematoxylin  and  examined.  No  muscular  elements  were 
detected  in  the  regenerating  areas  in  the  experiments  reported  above. 
Using  Hertwig's  osmic  acid  maceration  method.  Prof.  L.  R,  Cary  made 
preparations  of  the  subumbrella  tissue  of  Casaiopea,  and  these  showed 
bipolar  ganglion  cells  with  their  fibers  forming  a  loose  net-work  under- 
lying the  epithelium.  One  could  readily  imagine  that  in  young  regen- 
erating tissue  these  fibers  would  be  so  few  in  number  that  the  neuron 
path  might  not  be  completed  through  the  tissue  in  which  case  no  stimu- 
lus could  be  passed  through  it,  or  the  path  might  be  less  direct  than 
when  regeneration  had  gone  farther,  in  which  case  the  apparent  rate 
across  the  bridge  of  r^enerating  tissue  would  be  slower  than  when 
more  neurons  had  developed  so  as  to  shorten  the  zig-zags  of  the  path. 

Parker  (6)  stimulated  the  pedal  region  of  an  actinian  (Metridium), 
and  found  that  after  an  interval  the  oral  disc  is  retracted.  By  partly 
cutting  off  the_  pedal  edge  and  leaving  it  as  an  attached  tongue-shaped 
strip  of  tissue,  and  then  stimulating  the  extreme  end  and  afterwards 
the  basal  part  of  the  tongue,  he  found  that  the  rate  of  the  stimulus 
through  the  tongue  ranged  from  12.1  to  14.6  cm.  per  second  at  21°C. 
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He  claims  that  tbie  experiment  is  "the  only  direct  determination  of 
the  rate  of  transmission  in  the  nerve  net  of  coelenteratea"  but  his  ex- 
periment is,  I  think,  open  to  the  objection  that  he  may  be  dealing  with 
epithelial  transmission,  or  with  a  combination  of  nerve-net  and  epithe- 
lial effects,  or  with  tissue  poorly  provided  with  neurons  thus  givii^  the 
very  slow  rate  he  observed  due  to  a  zig-zag  path  through  the  neurons. 
The  studies  of  Wolff  (7)  and  Havet  (8)  show  that  the  nervous  system 
is  poorly  developed  in  the  pedal  region  of  A^ctinians,  and  as  Parker 
states  the  pedal  region  is  incapable  of  contraction. 

Parker  rtuses  the  objection  that  the  rate  of  muscular  contraction  in 
activated  rings  of  Casaiopea  may  not  accord  with  the  rate  of  the  stimu- 
lus which  passes  through  the  neural  or  epithelial  elements.  I  find, 
however,  (0)  that  the  muscles  of  the  subumbrella  rings  are  capable  of 


responding  by  contractions  te  stimuli  succeeding  each  other  at  shorter 
time  intervals  than  they  are  called  upon  to  respond  to  in  nature.  In 
other  words,  in  nature  they  can  readily  contract  to  each  and  every 
successive  recurrence  of  the  stimulus. 

It  seems  certain  that  in  Cassiopea  the  stimulus  to  which  the  muscles 
respond  by  contraction  is  neurogenic  or  epithelial  in  nature,  and  the 
balance  of  evidence  supports  the  view  that  it  is  a  neural  rather  than 
an  epithelial  function  and  we  have  therefore  ventured  to  call  it  "nerve 
conduction." 

In  1919  a  study  was  made  at  Tortugas,  Florida,  of  the  relation  be- 
tween the  rate  of  nerve  conduction  in  activated  rings  of  Cassiopea  and 
the  concentration  of  oxygen  in  the  sea-water,  the  oxygen  being  deter- 
mined by  Winkler's  method. 

Tortugas  sea-water  from  the  surface  contains  about  4.6  cc.  of  oxygen 
per  liter  of  water  at  30''C.,  the  oxygen  being  estimated  as  at  O'C. 
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and  760  mm.  pressure  of  mercury.    It  is  thus  nearly  saturated  with 
oxygen. 

The  apparatus  is  shows  in  Sgure  2.  The  activated  ring  was  placed 
in  natural  sea-water  and  its  rate  determined  by  counting  the  number 
of  times  per  minute  the  contraction  wave  traveled  around  the  ring. 
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The  temperature  of  this  searwater  was  then  observed  and  its  oxygen 
content  determined.  The  pulsating  ring  was  then  placed  in  the  glass 
vessel,  B,  figure  2,  under  the  receiver  of  an  air  pump  and  air  was 
partially  exhausted  after  which  sea^water  from  vessel  A ,  was  admitted 
through  a  fine  glass  tube.    In  this  manner  it  was  possible  quickly  to 
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extract  about  96  per  cent  of  the  oxygen  from  the  sea-water.  When 
the  temperature  of  the  partially  exhausted  sea-water  in  vessel  B  had 
risen  to  the  same  temperature  as  that  of  the  normal  sea-water  in 
which  the  rate  had  previously  been  determined,  its  rate  was  ^ain 
ascertained.  It  was  found  that  after  being  a  few  minutes  in  the 
partially  exhausted  sea-water  the  ring  assumed  a  constant  rate  which 
was  determined  by  the  degree  of  concentration  of  the  oxygen  in  the 
sea-water.  The  oxygen  in  the  sea-water  in  vessel  B  was  then  deter- 
mined and  compared  with  that  in  the  natural  sea-water  in  which  the 
rate  of  the  ring  had  previously  been  ascertained.  These  rings  appeared 
to  suffer  no  permanent  injury  from  this  treatment  for  within  three 
minutes  after  being  returned  to  natural  sea-water  they  were  pulsating 
at  normal  rate  and  amplitude. 

The  results  are  stated  in  table  1,  illustrated  by  ^;ure  3. 

TABLE  I 

Relative  rates  of  nervt  conduclion  in  ring»  of  tubumbrella  tieeve  of  Caatiopea  in 

normal  sea-ioato-  and  m  «fio-ioae<r  with  gatet  Teduced  by  placing  it  under  an  mr 

pwnp.     The  reduction  of  gates  was    estimated  by  determining  the  oxygen  bg 

Winkler's  method. 


Rate  in  natural  aea-water 

Rate  in  sea-water  having  45  per  cent  of  the 
Rate  in  aea-water  having  30  per  cent  of  the 
Rate  in  aea-water  having  21.0  per  cent  of  the 
Rate  in  eea-water  having  14.3  per  cent  of  the 
Rate  in  aea-water  having  14.3  per  cent  of  the 
Rate  in  aea-water  having  11.9  per  cent  of  the 
Rate  in  aea-water  having  U.fi  per  cent  of  the 
Rate  in  aea-water  having   9.3  per  cent  of  the 


normal  oxygen  aupply.. 
normal  oxygen  supply. 
normal  oxygen  supply. 
normal  oxygen  supply, 
normal  oxygen  supply, 
normal  oxygen  supply. 
normal  oxygen  supply. 
Donnal  oxygen  supply. 


Thee 


c  derived  from  these  experiments  is  shown  in  figure  3. 


It  seems  that  the  rate  of  nerve  conduction  and  also  the  amplitude  of 
the  muscular  contraction  remains  practically  normal  until  the  oxygen 
of  the  sea-water  is  reduced  to  about  22  per  cent  of  its  nonnal  concen- 
tration; but  further  reduction  in  the  oxygen  causes  a  sharp  decline  both 
in  rate  of  nerve  conduction  and  amplitude  of  the  contraction.  Thus 
the  reaction  accompanying  nerve  conduction  seems  to  require  a  con- 
centration of  only  1  cc.  of  oxygen  per  liter,  whereas  the  concentration 
of  oxygen  in  normal  sea-water  is  about  4.6  cc.  per  liter. 
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Nerre  conduction  in  subumbrella  rings  must  usually  maintain  at  least 
half  its  normal  rate  in  order  to  sustain  the  ring  in  pulsation,  but  the 
normal  Cassiopea  medusa  with  marf^nal  sense-organs  intact  can  still 
pulsate  in  sea-water  containing  4  per  cent  or  even  less  of  the  concen- 
tration of  oxygen  found  in  natural  sea-water.  Thus  the  rbopolia  can 
still  engender  the  pulsation  stimulus  and  the  nerve  net  can  conduct  it 
in  a  concentration  of  less  than  O.IS  cc.  of  oxygen  per  liter  of  sea-water. 

That  nerve  conduction  is  not  a  simple  process  of  oxidation  is  shown  by 
the  studies  of  A.  V.  Hill  (10)  who  demonstrated  that  there  is  no  appre- 
ciable temperature  change  during  the  transmission  of  the  nerve  im- 
pulse. Also  Moore  (11)  shows  that  there  is  no  increase  in  the  rate  of 
COi  production  in  nerve-muscle  preparations  of  the  frog  when  the 
nerves  are  stimulated  by  a  tetanizing  current. 

However,  we  know  that  nerve  conduction  cannot  be  wholly  inde- 
pendent' of  oxygen  for  von  Baeyer  (12)  showed  that  hydrogen  or  nitro- 
gen rendered  nerves  insensible  to  induction  shock,  but  this  sensi- 
bility may  be  restored  by  oxygen;  and  moreover  Frohlich  (13)  showed 
that  the  refractory  period  is  prolonged  in  absence  of  oxygen. 

8DMMABT 

In  the  scyphomedusa  Cassiopea  the  pulsation-«timulus  is  neurogenic. 

Nerve  conduction  remains  normal  in  rate  and  intensity  until  the 
oxygen  in  the  searwater  is  reduced  to  22  per  cent  of  its  normal  concen- 
tration ;  thus  until  there  is  about  1  cc.  of  oxygen  per  1000  cc.  of  sea- 
water,  the  oxygen  being  estimated  as  at  0°C.  and  760  mm.  pressure  of 
mercury.  Further  reduction  in  the  concentration  of  oxygen  results  in 
a  marked  decline  in  both  rate  and  amplitude  of  pulsation. 
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INTBODUCnON 

It  has  been  stated  by  Van  Slyke  (1)  that  the  alkali  reserve  of  the 
blood  plasma  as  measured  by  its  carbon  dioxide  combinii^  capacity 
18  an  index  of  the  alk^  reserve  of  the  body  fluids.  As  both  lymph  and 
spinal  fluid  are  more  or  less  readily  obtained  from  experimental  animals, 
an  investigation  to  determine  primarily  the  alkali  reserve  of  samples  of 
blood  plasma,  lymph  and  spinaJ  fluid  taken  concurrently,  was  under- 
taken. It  was  early  seen  that  in  the  case  of  dogs  the  carbon  dioxide 
combining  power  of  the  spinal  fluid  varied  less  in  any  one  animal  than 
that  of  the  blood  or  thoracic  duct  lymph,  and  the  investigation  was 
therefore  extended  with  the  view  of  studying  changes  in  the  alkaU 
reserve  of  the  spinal  fluid,  following  induced  variations  in  the  alkali 
reserve  of  the  blood. 


The  alkali  reserve  of  blood  plasma,  lymph  and  spinal  fluid  was 
detennined  by  the  method  of  Van  Slyke  and  CuUen  (1). 

The  blood  was  aspirated  from  an  artery  or  vein  into  a  glass  syringe 
containing  a  trace  of  powdered  potassium  oxalate.  The  oxalated  blood 
was  centrifuged  within  a  few  moments  after  withdrawal,  and  the  plasma 
pipetted  off.  Lymph  was  obtained  from  a  cannula  placed  in  the  thor- 
acic duct.  It  was  oxalated  as  collected,  to  prevent  clotting.  The  spinal 
fluid  was  taken  as  a  rule  by  occipito-atlantoid  puncture  but  occasionally 
a  lumbar  puncture  was  made.  The  analyses  were  made  within  a  few 
minutes  after  siunpling  in  most  instances,  but  when  a  delay  was  neces- 
sary the  samples  were  kept  in  paraffined  tubes  in  an  ice  chest  until  the 
analyses  could  be  made. 
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Id  the  preliminary  experiments  venous  blood  and  epinal  fluid  were 
taken  from  dogB  while  under  the  influence  of  morphine.  Arterial  and 
venous  blood  and  spinal  fluid  were  taken  in  several  instances  from  dogs 
under  light  ether  anesthesia.  One  series  of  animals  in  this  latter  group 
received  a  subcutaneous  injection  of  morphine  prior  to  etherization, 
while  others  received  ether  only.  Samples  were  also  taken  from  dogs 
under  chloroform  and  alcohol  anesthesia,  as  the  protocols  indicate. 

It  is  a  well-established  fact  that  anesthesia  (2)  and  trauma  (3)  tend 
to  lower  the  alkali  reserve  of  the  blood. 

A  number  of  experiments  were  performed  to  determine  the  effect  of 
prolonged  anesthesia  and  trauma  on  the  alkali  re8er\'e  of  the  blood 
plasma  and  spinal  fluid.  Samples  of  blood  and  spinal  fluid  were  taken 
concurrently  in  these  experiments  over  a  period  of  some  hours. 

Variations  induced  in  the  alkali  reserve  of  the  blood  plasma  and  the 
spinal  fluid,  as  a  result  of  intravenous  injections  of  5  per  cent  sodium 
bicarbonate  in  distilled  water,  were  followed  in  another  series  of  ex- 
periments. The  animals  used  in  this  latter  series  of  experiments  were 
in  nearly  every  instance  under  morphine-ether  anesthesia.  The  sam- 
ples of  blood  and  spinal  fluid  were  taken  concurrently.  The  readings 
obtained  by  the  Van  Slyke  apparatus  were  reduced  to  cubic  centimeters 
of  COj  at  O'C.  and  760  mm.  bound  by  100  cc.  of  blood  plasma^  lymph 
or  spinal  fluid,  at  the  temperature  of  20°C. 

We  were  able  to  obtain  concurrent  specimens  of  spinal  fluid  and  ven- 
ous blood  from  a  number  of  human  subjects  due  to  the  kindness  of 
Doctors  Greene  and  Munroe. 

RESULTS 

Dog  1.    IB  kilo*,    (f  AiMtA««w 

4:30  p.m.    Morphine  gr.  2;  atropine  gr.  tin  subcutaneous 

6:30  p.m.    Blood  aspirated  from  leg  vein GQ 

6:40  p.m.    Spinal  fluid  occipito-stlantoid  puncture 62 

Dog  t.    H  kilot.     9 
11:45  a.m.    Morphine  gr.  I;  atropine  gr.  A 

12  M)  m.        Spinal  fluid  lumbar  puncture 81 

12:10  p.ni.    Blood  aspirated  from  femoral  vein 62 

DogS.  Skilot.  « 
4:30  p.m.  Morphine  gr.  2;  atropine  gr.  tIu 
6:20  p.m.    Chloroform  and  ether  inhalation  . 

S:30  p.m.    Blood  aspirated  from  leg  vein 36 

S:36  p.m.    Spinal  fluid  by  occipito-atlantoid  puncture 63 


lizcdbyGoOl^Ie 


ALKALI  RESERVE  OF  BLOOD,  LTUPH  AND  SPINAL  FLUID  55 

Dog  4-    to  kiUu.     9 
0:30  a.m.    Ether  anestheaia 
lOm  to  IM)  p.m.    Class  demonstration 

I  KM)  p.m.    Blood  from  femoral  vein 27 

IKMp.m.    Spinal  fluid  by  occipito-atlantoid  puncture 41 

Dog  5.    18  kilot.     cf 
10:45  a.m.    Under  light  ether  BQeBthesia 

11:00  a.m.    Spinal  fluid  by  occipito-atlantoid  puncture 64 

11:05  a.m.    Blood  from  femoral  vein 49 

Dog  6.    H  kilos,     d' 
10:15  a.m.    Morphine  gr.  3;  atropine  gr.  tId  subcutaneous 
10:40  a.m.    Ether  inhalation 

10:50  a.m.    Spinal  fluid  by  occipito-atlantoid  puncture 60 

11:00  a.m.    Blood  from  femoral  vein 63 

11:06  a.m.    Blood  from  femoral  artery 58 

Dog  8  (five  dayt  later) 
10:50  a.m.    Morphine  gr.  2;  atropine  gr.  i^  subcutaneous 
11:30  a.m.    Ether 

11:35  a.m.    Spinal  fluid  occipito-atlantoid  puncture 68 

11:40  a.m.    Blood  from  the  femoral  artery 61 

Don  B  {»even  day»  later) 
1025  a.m.    Under  ether 

10:30  a.m.    Spinal  fluid  occipito-atlantoid  puncture 52 

10:45  a.m.    Blood  from  femoral  vein 44 

Dog  7.    IB  Ulot.     c?" 
5:30  p.m.    Morphine  gr.  2  subcutaneous 
5:45  p.m.    Ether  aod  chloroform  inhalation 

5:50  p.m.    Spinal  fluid,  oecipito-atlautoid  pimoture 50 

5:56  p.m.    Blood  from  leg  vein 55 

Dog  8.    IS  Ulot.     d" 
11 XX)  a.m.    Ether  anesthesia 

11 :30  a.m.    Spinal  fluid,  occipito-atlantoid  puncture 68 

11 :35  a.m.    Blood  from  femoral  artery 68 

Dog  8,    8  kilot.    <f 
lOiOO  a.m.    Morphine  gr.  2;  atropine  gr.  tH 

II  ;4e  a.m.    Ether  anesthesia 

11:50  a.m.    Blood  from  left  femoral  vein 61 

12.00  m.        Spinal  fluid,  occipito-atlantoid  puncture 66 

1230  p.m.    Tracheotomy 
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1225  p.m.  Intestinal  mssBage,  and  intermittent  stimulation  of 

sci&tic  started 

1:30  p.m.  Blood  from  the  external  jugular 

1 :32  p.m.  Blood  from  femoral  artery 

135  p.m.  Spinal  fluid 

2:45  p.m.  Reapiratary  aod  cardiac  failure,  thoracic  opened  and 

blood  taken  from  left  ventricle 

2:47  p.m.  Spinal  fluid 

Dog  10.    8  Mlos,    d* 

8:00  a.m.  Fed  pint  of  milk 

1020  a.m.  Ether  anesthesia 

1025  a.m.  Spinal  fluid 

10:30  a.m.  Blood  from  femoral  vein 

10:40  a.m.  Tracheotomy 

11 :16  a.m.  Thoraoio  duct  cannulariied 

1125  a.m.  Pancreatic  duct  cannularised 

12.-00m.  Lymph  collected 

12  :I6  p.m.  Blood  from  femoral  vein 

12:10  p.m.  Spinal  fluid 

1225  p.m.  Lymph 

12 :30  p.m.  Thorax  opened 

12:32  p.m.  Blood  from  left  ventricle  juat  before  it  ceased  beating 

Dog  It.    IS    kitoi.     J' 

12X)0  m.  Ether  anesthesia 

12:15  p.m.  Spinal  fluid 

1225  p.m.  Blood  from  femoral  artery 

12dO  p.m.  Tracheotomy 

126  p.m.  Lymph  from  thoracic  duct 

1 25  p.m.  Blood  from  femoral  artery 

Dog  It.    U  kilos,     c?" 

11 M)  a.m.  Chloroform  anesthesia 

10:00  a.m.  Spinal  fluid 

lO.'O?  a.m.  Blood  from  femoral  vein *. 

lliX)  a.m.  Thoracic  duct  cannulariied 

11:30  a.m.  Lymph  taken 

12M)m.  Spinal  fluid  by  occipito-atlantoid  puncture 

12  M)  m.  Blood  from  femoral  vein 

2 :30  p.m.  Lymph 

2:35  p.m.  Spinal  fluid 

237  p.m.  Blood  from  femoral  vein 

4M)p.m.  Spinal  fluid 

4:08  p.m.  Blood  from  femoral  vein 
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10:15 

1020 
1025  a. 
10:30 
1030 
10:33 


12:30  p.i 
12:30  p.i 
1:45  p.c 
1:45  p.D 
3X)0p.i] 
3:00  p.i 


Dog  IS.    SO  kilot.     r? 

Chloroform  aueetheaia 

Tracheotomy 

Left  carotid  connected  to  recorder 

Spinal  fluid 63 

Blood  from  femoral  vein 39 

Started  injection  of  10  per  cent  ethyl  alcohol  in  0.9 
per  cent  saline  into  left  femoral.  Chloroform  dis- 
continued 

Bpinal  fluid 53 

Blood  from  femoral  vein 32 

Spinal  fluid 48 

Blood  from  femoral  vein ,  slight  hemolysis 37 

Spinal  fluid 46 

Blood  from  femoral  vein 84 


Dogli.    SHloa.     9 

lOKW  a.m.  Ether  anesthesia 

10:12  a.m.  Class  demonstration  (opened  thorax) 

12  KX)  m.       Spinal  fluid 4S 

1200  m.        Blood  from  left  ventricle 38 

I2M)m.       Blood  from  right  ventricle  *     32 

Dog  15.    II  kilot.    <? 

3:30  p.m.  Ether  anesthesia 

3:40  p.m.    Spinal  fluid 51 

3:45  p.m.    Blood  from  femoral  vein .,•. 45 

3:50  p.m.  Intermittent  faradiiatioa  of  eciatic 

6:1S  p.m.    Blood  from  femoral  vein 35 

620  p.m.    Spinal  fluid 44 

620  p.m.  Injeoted  600  oc.  of  S  per  cent  NaHCOt  intravenous 

6:45  p.m.    Blood  from  femoral  vein 115 

6:60  p.m.    Spinal  fluid 65 

8:15  p.m.    Blood  from  femoral  vein 104 

820  p.m.    Spinal  fluid  (blood -etained) 82 

10:15  p.m.    Blood  from  femoral  vein 101 

1020  p.m.    Spinal  fluid  (blood-etained) 86 

1: 00  a.m.    Blood  from  the  femoral  vein 84 

1:00  a.m.    Spinal  fluid  (blood-stained) 77 

1 :  10  a.m.  Died 

Dog  18.    as  kilot.     tf 

12:30  p.m.  Morphine  gr.  3  subcutnaeous 

2:20  p.m.  Ether  aneathesia 

2:25  p.m.    Spinal  fluid. 69 

2:26  p.m.    Blood  from  femoral  vein. 61 
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2:40  to  3:20  p.iD.    UOO  cc.  5  per  cent  NaHCOi  intrftvenouB 

4: 15  p.m.    Blood  from  femoral  vein 

4: 15  p.m.    Spinal  fluid 

5:30  p.m.    Blood  from  femoral  vein 

5:30  p.m.    Spinal  fluid 

5:35  p.m.    Died 

DoQ  17.    16  Mlot.     9 

10:45  a.m.    Morphine  gr.  2  subcutaneous 
11 :  15  a.n).    Ether  aneHtheaia 

1 1 :  20  a.m.     Spinal  fluid 

11:20  a.m.    Blood  from  femoral  vein 

11 :  45  to  12 :  00  m.    500  co.  5  per  cent  NaHCOi  intravenous 

12:20  p.m.    Spinal  fluid 

12:20  p.m.    Blood  from  femoral  vein 

1:45  p.m.    Died 

Dog  18.    14  kilos,    d* 

9:45  a.m.    Morphine  gr.  2  subcutaneous 
12 :  00  m.       Ether  anesthesia 

12:10p.nv    Spinal  fluid 

12: 15  p.m.    Blood  from  femoral  vein 

12:30  p.m.    Tracheotomy.    Internal  carotid  connected  to  recorder 

1:00  p.m.  to  1:15  p.m.    280  oo.  of  5  per  cent  NaHCOi  intravenous 

1:35  p.m.    Spinal  fluid 

1:40  p.m.    Blood  from  femoral  vein 

4:30  p.m.    Spinal  fluid 

4: 35  p.m.    Blood  from  femoral  vein 

6: 10  to  6.25  p.m.    500  cc.  of  £  per  cent  NaHCOi  intravenous 

7:00  p.ro.    ^inal  fluid 

7:00  p.m.    Blood  from  femoral  vein 

10:00  p.m.    Spinal  fluid 

10:00  p.m.    Blood  from  femoral  vein 

1 :  10  a.m.    Spinal  fluid 

1:10  a.m.    Blood  from  femoral  vein. ..     

1:25  a.m.    Died 

Dog  19.     tt  kiloa.     d' 

10:30  a.m.    Ether  anesthesia 

10:40  a.m.    Spinal  fluid 

10:40  a.m.    Blood  from  femoral. vein 

10:55  to  11 :  15  a.m.    500  cc.  of  5  per  cent  NaHCOi  intravenous 
11:40  a.m.    Blood  from  femoral  vein 

Dog  SO.    It  kilos,     cf 
2:00  p.m.    Ether 

2:15  p.m.    Blood  from  femoral  vein 

2: 15  p.m.    Spinal  fluid. 
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Dog  tl.    18  kilos,    cf 

11:00  a.m.  Morphine  gr.  2 

11:30b.iii.  Etherised 

II ;  35  a.m.  Blood  from  femoral  vein 40 

ll:«».m.  Spinal  fluid IS 


10:45  a. 
11:00 
11 :  16  a. 
11:30 
.11:33 


Dogli.     S 
Morphine  gr.  } 
Etherited 
Morphine  gr.  2.    Ether  discontinued 

Spinal  fluid 

Blood  from  femoral  rein 


The  COi  combining  power  of  specimens  of  spinal  fluid  and  blood 
plasma  taken  concurrently  from  dogs  immediately  after  anesthesia  had 
been  accomplished,  is  shown  in  table  1.  It  will  be  noted  that  in  all 
cases  but  one  (dog  6)  the  COi  combining  power  of  the  venous  plasma 
is  less  than  that  of  the  corresponding  spinal  fluid.  The  difference  is 
quite  marked,  and  varies  from  3  to  27  volumes  per  cent.  The  COt 
combining  power  of  the  arterial  plasma  only  was  determined  in  dogs 
8  and  11.  Assuming  the  COi  combining  power  of  the  venous  plasma 
to  be  4  volumes  per  cent  higher  than  arterial  plasma,  there  is  an 
average  difference  of  7.5  volumes  per  cent  in  the  COt  combining  power 
of  the  venous  plasma  and  the  spinal  fluid  in  the  twenty-two  experiments 
which  have  been  carried  out.  The  difference  is  greatest  in  those  in- 
stances where  chloroform  was  the  anesthetic  used,  and  least  where 
morphine  alone  or  morphine  and  ether  were  used. 

As  the  COt  combining  power  of  the  venous  plasma  in  all  the  human 
subjects  examined  was  higher  than  that  of  spinal  fluid,  one  hesitates 
to  say  that  the  CO]  combining  power  of  the  spinal  fluid  of  the  normal 
dog  is  higher  than  that  of  the  plasma.  As  Henderson  (3)  has  pointed 
out,  the  decrease  in  the  alkaU  reserve  of  the  blood  during  anesthesia  is 
primarily  due  to  increased  lung  ventilation,  and  therefore  to  increased 
rate  of  COt  elimination.  It  is  possible  that  the  blood  plasma  in  prac- 
tically all  our  experiments  had  a  lower  COi  capacity  due  to  increased 
Inng  ventilation  prior  to  the  time  of  sampling.  There  was  as  a  rule 
more  or  less  panting  in  dogs  shortly  after  the  injection  of  morphine  but 
when  the  morphine  injection  preceded  the  etherization  the  latter  was 
accomplished  without  any  marked  hyperpnoea  being  manifested.  The 
alkali  reserve  of  the  spinal  fluid  of  the  normal  animal  therefore  approx- 
imates that  of  the  venous  plasma  but  it  is  not  necessarily  identical  with 
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it,  while  in  the  human  subject  the  COi  combining  power  of  the  spinal 
fluid  is  definitely  lower  than  that  of  the  plasma. 

The  differeDcee  which  are  noted  in  the  alkali  reserve  oi  the  ^linal 
fluid  and  venous  plasma  of  dogs  anesthetieed  with  chloroform  com- 
pared with  those  anesthetized  with  ether  are  moat  striking.  As  there 
woB  even  less  struggle  in  the  experiments  where  chloroform  was  used 


COt  combining  power  of  plaima  and  ipimU  fluid.    Concwrtnt  tptdtiunt 
immedialely  afUr  anesth»»ia 
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than  when  ether  was  employed,  and  consequently  less  hyperpnoea,  it 
would  seem  that  the  factor  of  increased  CO*  loss  emphasised  by  Hen- 
derson (3)  IB  not  the  only  one  acting  to  cause  a  decrease  in  the  alkafi 
reserve  of  the  blood.  A  possible  cause  of  the  greater  drop  in  the  COt 
combining  power  of  the  plasma  under  chloroform  than  under  ether  may 
be  found  in  the  difference  in  the  degree  of  depression  of  the  respiratory 
exchange  in  the  tissue  under  these  anesthetics.  It  would  be  theoretic- 
ally possible,  for  example,  to  have  a  decrease  in  the  idkali  reserve  as  a 
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result  of  decreased  COi  production,  and  even  decreased  COi  eUminar 
tion,  providing  that  the  decrease  in  the  former  was  greater  than  the  de- 
crease in  the  latter.  Thus,  as  Benjamin  Moore  (4)  has  suggested,  it 
may  be  possible  for  an  actual  decrease  in  the  Cq  to  occur  in  shock, 
even  though  no  increased  lung  ventilation  be  manifested,  due  as  he 
expresses  it  to  the  respiratory  pump  working  faster  than  the  circulatory 
pump.  If  the  rate  of  oxidation,  and  consequently  the  rate  of  COi 
production  in  the  tissue  be  decreased,  and  the  lung  ventilation  remains 
normal,  then  a  decrease  in  the  combining  power  of  the  plasma  would 
occur.  Another  factor  which  may  be  very  important  is  the  appearance 
in  the  blood  of  unoxidized  acid  end  products  such  as  aceto-acetic  acid 
and  B-oxybutyric  as  a  result  of  the  disturbance  of  cell  metabolism 
by  the  anesthetic. 

TABLE! 

COt  eombininn  power  of  concwrent  Bamph»  of  ipinal  fluid,  plaima  and  lymph 
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The  COi  combining  power  of  spinal  fluid,  blood  plasma  and 
lymph  taken  concurrently,  is  shown  in  table  2.  There  is  a  very 
close  agreement  between  the  values  obt^ned  for  plasma  and  lymph 
in  all  these  experiments.  The  spinal  fluid  in  dog  12  gave  a  much 
higher  reading  than  either  blood  plasma  or  lymph.  This  is  in  accord- 
ance with  other  experiments  of  a  similar  nature.  As  the  alkah  reserve 
of  the  blood  plasma  had  fallen  considerably  in  dogs  10  and  12  before 
the  samples  were  taken,  it  is  to  be  concluded  that  the  alkali  reserve  of 
blood  plasma  and  thoracic  duct  lymph  are  in  close  accordance. 

The  rate  of  fall  in  the  COs  combining  power  of  the  blood  plasma  and 
spinal  fluid  with  progressive  shock  due  to  prolonged  anesthesia  and 
trauma  is  recorded  in  table  3. 

It  will  be  noted  in  all  the  experiments  quoted  that  alkali  reserve  of 
the  spinal  fluid  never  fell  to  a  very  low  level  even  when  the  animal  was 
at  the  point  of  death.  The  alkali  reserve  of  both  arterial  and  venous 
plasma  however  fell  many  points  before  death  ensued.  Henderson  (5) 
found  that  33  volumes  per  cent  was  the  critical  level  for  the  COi  com- 
bining power  of  the  plasma.    When  (as  a  result  of  excess  limg  venti- 
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lation)  the  COi  combining  power  of  the  blood  fell  below  this  level, 
animals  did  not  recover,  while  a  fall  in  the  COi  combining  power  to  a 
level  above  33  volumes  per  cent  did  not  result  in  the  death  of  the  ex- 
perimental animal.  A  steady  and  progressive  fall  in  the  alkali  reserve 
of  the  plasma  occurred  in  all  cases,  but  in  dog  13.  (Chart  1,  dogs 
9  and  12.)  In  this  latter  case,  the  alkali  reserve  of  the  blood  fell 
very  sharply  to  39  in  the  first  few  minutes  as  a  result  of  chloroform 


TABLE  1 
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anesthesia  and  trauma.  At  the  end  of  two  hours  it  had  fallen  to  32, 
while  during  the  next  hour  and  a  quarter  it  rose  to  37  and  then  fell  to 
34.  The  plasmas  in  this  experiment  showed  a  trace  of  hemolysis  and 
this  factor  may  account  for  the  seemingly  peculiar  behavior  of  the 
alkali  reserve  of  the  blood  in  this  case. 

The  fact  that  the  alkali  reserve  of  the  spinal  ^uid  remains  at  a  com- 
paratively high  level  even  after  shock  has  been  manifested,  and  indeed 
even  at  the  point  of  death,  is  most  significant. 
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The  rate  of  rise  and  fall  in  the  COi  combining  power  of  the  venous 
plasma  and  spinal  fluid  after  intravenous  injectiona  of  NaHCOa  is 
shown  in  table  4.  The  maximum  COi  combining  power  of  the  plasma 
would  of  course  occur  immediately  after  the  bicarbonate  injection.  In 
order  to  give  time  for  equilibrium  to  be  established  between  the  plasma 
and  spinal  fluid  concurrent  samples  of  these  latter  were  not  taken  until 
twenty  to  sixty  minutes  had  elapsed  after  the  injection  was  completed. 
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The  alkali  reserve  of  the  plasma  of  dog  15  (chart  2)  was  brought  to  a 
low  level  before  the  bicarbonate  solution  was  injected.  One-half  hour 
after  the  injection  of  500  ce.  of  5  per  cent  NaHCOj  was  completed,  the 
COj  combining  power  of  the  plasma  was  more  than  tripled  while  that 
of  the  spinal  fluid  bad  risen  only  25  per  cent  or  from  44  to  55  as  against 
a  rise  in  the  plasma  of  from  35  to  115.  After  two  hours  the  plasma 
bicarbonate  had  fallen  to  104  while  that  of  the  spinal  fluid  was  82. 
Four  hours  after  the  injection  the  plasma  value  was  101  while  the  spinal 
fluid  COi  combining  power  was  at  its  maximiun  86  for  this  experiment. 
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The  spinal  fluid  C0»  combining  power  then  fell  slowly  to  77  and  that 
of  the  blood  plasma  to  84,  The  blood  pressure  was  maintained  for  some 
hours  at  a  high  level.  During  the  last  half-hour  however  it  fell  rather 
abruptly  and  respiratory  failure  followed  soon  after.  Experiments 
16,  17,  18  and  19  (chart  3)  show  somewhat  similar  results.  The 
spinal  fluid  bicarbonate  rises  very  slowly,  a  great  gap  between  it  and 
that  of  the  plasma  being  maintained.  In  dog  18  (chart  4)  the  alkali 
reserve  of  the  spinal  fluid  rose  in  three  and  one-fourth  hours  after  the 
first  injection  of  NaHCOi  from  55  to  58  while  the  blood  plasma  reserve 
was  72  twenty  minutes  after  the  injection  and  this  level  was  maintained 
for  the  three  hours  following.  It  would  appear  in  this  instance  that 
equihbrium  had  been  established  between  the  plasma  and  the  spinal 
fluid  and  that  an  actual  difference  of  fourteen  points  was  beii^  main- 
tained.    After  the  plasma  bicarbonate  had  been  raised  to  a  much  higher 
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level,  the  spinal  fluid  bicarbonate  value  rose  slowly  reaching  a  maximum 
of  80  just  before  death  ensued  after  six  and  three-fourths  hours. 

The  respirations  were  much  shallower  after  the  sodium  bicarbonate 
had  been  injected  in  those  instances  where  morphine  was  given  sub- 
cutaneoualy  prior  to  anesthetization. 

The  blood  pressure  rose  slightly  after  the  bicarbonate  injection  due 
to  the  osmotic  effect  and  it  was  maintained  at  a  high  level  for  very- 
long  periods.  Death  occurred  suddenly  in  all  instances,  the  blood  pres- 
sure failing  first  and  respiration  shortly  thereafter  (chart  5).  Artificial 
respiration,  heart  massage  and  intravenous  injection  of  acid  phosphate 
were  without  effect.  Definite  stimulation  of  respiration  both  as  regards 
rate  and  amplitude  was  obtained  in  dog  19  during  and  after  the  injec- 
tion of  NaHCOa.    This  animal  had  received  ether  only.    This  would  be 
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in  accordance  with  the  observations  of  Hooker,  Wilson,  and  Connet  (6) 
and  Scott  (7)  that  the  reapiratory  center  may  be  stimulated  by  in- 
creased HCOa  ion  concentration  more  or  less  independent  of  the  H-ion 
concentration  of  the  blood. 


Chart  6 


DISCUSSION 


The  COj  combining  power  of  the  plasma  is  not  an  absolute  index  of 
the  alkali  reserve  of  all  body  fluids.  The  experiments  herein  reported 
indicate  that  there  is  a  very  close  agreement  between  the  alkali  reserve 
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of  blood  plasma  and  lymph.  There  may  also  be  a  very  close  agreement 
Id  the  alkali  reserve  of  blood  plasma  and  spinal  fluid.  The  fact,  hov- 
ever,  that  the  COi  combining  power  of  the  spinal  fluid  does  not  taii 
parallel  with  that  of  the  blood  plasma  during  shook  but  tends  always 
to  maintain  a  relatively  high  level,  taken  in  conjunction  with  the  ob- 
servation that  a  high  level  of  sodium  bicarbonate  in  the  blood  does  not 
produce  an  equally  high  level  for  the  latter  in  the  spinal  fluid,  would 
lend  a  measure  of  support  to  the  view  of  HaUiburton  (8)  that  the  spinal 
fluid  is  the  lymph  of  the  brain.  It  would  appear  that  the  tissues  of  the 
brain  and  spinal  cord  are  afforded  an  extra  measure  of  protection  gainst 
either  ah  acidosis  or  an  alkalosis  of  the  blood.  The  C.  of  the  spinal 
fluid  probably  tends  to  remain  constant  longer  even  than  the  blood 
during  a  condition  of  developing  acidosis  or  alkalosis.  Our  results 
may  however  be  interpreted  in  the  light  of  the  theory  that  the  spinal 
fluid  is  more  or  less  inert.  Sudden  changes  in  the  concentration  oi  a 
blood  constituent  may  not  be  effective  in  producing  like  changes  in 
.  the  concentration  of  the  same  constituent  in  the  spinal  fluid  due  to 
slow  or  difficult  diffusion  between  the  membranes  separating  the  fluid 
from  the  plasma.  The  authors  favor  the  former  interpretation  of  the 
results  of  the  experiments  quoted. 


1.  The  alkaU  reserve  of  concurrent  specimens  of  blood  plasma,  lymph 
and  spinal  fluid  has  been  determined. 

2.  The  COi  combining  power  of  the  plasma  is  an  approximate  index  of 
the  "alkali  reserve"  of  the  body  fluids  of  the  normal  animal,  as  has 
been  claimed  by  Van  Slyke. 

3.  The  COt  combining  power  of  the  spinal  fluid  as  compared  with 
that  of  the  plasma  is  maintained  at  a  relatively  high  level  in  shock. 

4.  The  COt  combining  power  of  the  spinal  fluid  tends  to  remain  at  a 
comparatively  low  level  when  the  NaHCO*  content  of  the  blood  is  in- 
creased experimentally. 

5.  It  would  appear  that  the  Ch  of  the  spinal  fluid  ia  protected  to  a 
greater  degree  than  that  of  the  blood. 
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INTRODUCTION 

It  h&B  been  shown  by  Leathes  (1)  that  the  amount  of  acid  as  compared 
with  basic  phosphate  in  the  urine  can  be  materially  altered  by  prolonged 
hyperpnoea.  The  method  of  double  titration  using  two  indicators, 
phenolphthalein  and  methyWrange,  described  by  him,  furnishes  a  very 
simple,  yet  approximately  accurate  method  whereby  one  can  follow 
sudden  chains  in  the  rate  of  excretion  of  total  phosphate,  and  also  the 
relative  amounts  of  the  acid  and  the  basic  types. 

Henderaon  and  Haggard  (2)  have  shown  that  by  increasing  or  de- 
creasing the  rate  of  carbon  dioxide  elimination  at  the  lung  surface  in 
dogs,  the  carbon  dioxide  content  as  well  as  capacity  of  the  blood  is 

decreased  or  increased  respectively,  the  ratio  =Tr^ :-. — -,  tending  to 

^  CO,  combmed 

remain  a  constant.  This  change  in  the  carbon  dioxide  combining  power 
of  the  blood,  as  Henderson  and  Haggard  (2)  have  pointed  out,  indicates 
that  the  tissues  can  either  take  up  alkali  from  the  blood  or  give  up  alkali 
to  it,  as  occasion  demands.  Henderson,  Prince  and  Haggard  (3)  found 
that  voluntary  hyperpnoea  of  comparatively  short  intervals  caused  a 
decrease  in  the  venous  retura  to  the  heart,  while  systolic,  diastolic  wid 
pulse  pressures  were  not  greatly  affected.  Henderson  (4),  Haldane  and 
Poulton  (5)  and  many  others  have  observed  marked  disturbances  of 
varied  character  as  a  result  of  forced  breathing. 

The  results  of  a  series  of  experiments  carried  out  upon  several  mem- 
bers of  the  medical  student  body  in  the  University  of  Alberta,  who 
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kindly  offered  thdr  services,  are  reported  in  tliis  paper.  These  experi- 
ments were  designed  to  follow  the  changes  produced  in  the  carbon  diox- 
ide tension  of  the  alveolar  air,  the  carbon  dioxide  combining  power  of 
the  venous  plasma,  the  acidity  of  the  urine,  and  in  the  rate  of  excretion 
of  phosphate,  ammonia  and  water  by  the  kidneys,  by  prolonged  volun- 
tary hyperpnoea.  A  number  of  observations  were  also  made  on  blood 
pressure,  pulse  rate,  hemoglobin  and  white  blood  cell  content  of  the 
blood  of  these  subjects  before,  dining,  and  after  periods  of  hyperpnoea, 
while  in  one  instance  the  percentage  of  blood  sugar  was  determined  be- 
fore and  after  a  period  of  forced  breathing. 

The  production  of  an  alkaline  urine  by  a  normal  individual  with  a 
low  carbon  dioxide  combining  power  of  the  plasma  is  of  interest.  Pal- 
mer and  Van  Slyke  (6)  have  found  that  in  normal  men  the  urine  becomes 
more  alkaline  than  the  blood  when  the  COi  held  as  plasma  bicarbonate 
exceeds  71  ±  5  volumes  per  cent.  In  prolonged  hyperpnoea  one  finds 
that  the  kidney  responds  in  much  the  same  manner  as  it  would  if  the 
subject  had  received  a  large  dose  of  sodium  bicarbonate  by  mouth  or 
by  intravenous  injection.  The  Ca  of  the  blood  is  the  essential  factor 
in  the  regulation  of  this  phase  of  renal  activity  irrespective  of  what  the 
bicarbonate  level  may  be. 

METHODS 

Immediately  before  the  initiation  of  the  period  of  hyperpnoea  the 
subject  emptied  his  bladder,  provided  a  sample  of  venous  blood  and  a 
sample  of  alveolar  air.  When  the  period  was  about  to  be  brought  to  a 
close  a  sample  of  venous  blood  and  of  alveolar  air  was  again  taken,  the 
subject  emptying  the  bladder  within  a  few  minutes.  Further  samples  of 
venous  blood  and  alveolar  air  were  taken  concurrently  Bfteen  to  twenty 
minutes  after,  and  forty  to  one  hundred  and  eighty  minutes  after  the 
cessation  of  the  period  of  hyperpnoea.  The  urine  in  certain  cases  was 
taken  agELin  as  soon  as  a  sufficient  quantity  had  been  secreted,  usually 
nithin  an  hour.  It  was  also  taken  in  a  few  cases  at  intervals  of  about 
two  hours  for  a  subsequent  period. 

Blood  pressure  was  taken  by  the  auscultatory  method,  using  either 
the  aneroid  type  of  recorder  or  the  mercury  column.  Hemoglobin  was 
deteimmed  colorimetrically  by  the  acid  hematin  method,  using  the 
Duboscq  colorimeter  (7).  White  blood  cell  counts  were  made  in  the 
usual  manner. 
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The  carbon  dioxide  content  of  the  alveolar  air  waa  determined  by 
the  method  of  Fridericia  (8)  while  the  COt  combining  power  of  the 
venouB  plasma  was  determined  by  the  method  of  Van  Slyke  and  Cullen 
(9).  The  blood  was  aspirated  from  an  arm  vein  into  a  glass  syringe 
containing  a  trace  of  powdered  potassium  oxalate.  It  was  immedi- 
ately centrifuged  and  the  plasma  saturated  with  carbon  dioxide  at  the 
alveolar  tension  of  the  normal  subject.  Duplicate  anals^ses  were  made 
in  practically  all  instances.  The  readings  were  reduced  to  cubic  centi- 
meters of  carbon  dioxide  at  0°C.  and  760  mjn.  bound  by  100  cc.  of  plasma 
at  the  respective  temperatures. 

The  ammonia  in  the  urine  was  determined  by  the  formalin  method 
of  Malfatti  (10),  and  calculated  in  terms  of  milligrsjns  per  100  cc.  of 
urine  and  milligrsjns  secreted  per  hour. 

The  acidity  of  the  urine  was  determined  according  to  the  titration 
method  of  Leathes  (1)  and  represents  simply  the  ratio  of  acid  to  basic 
phosphate. 

The  amount  of  N/10  acid,  multiplied  by  10,  required  to  carry  10  cc. 
of  urine  previously  made  neutral  to  phenolphthalein  to  the  methyl- 
orange  point,  has  been  taken  as  an  approximate  index  of  the  total 
phosphate,  for  in  such  a  titration  all  of  the  phosphate  is  first  made  basic 
in  type  and  then  converted  to  the  acid  form.  This  value  is  exagger- 
ated slightly  in  the  case  of  the  urine  secreted  during  the  stage  of  hyperp- 
noea,  due  to  the  fact  that  an  appreciable  amount  of  carbonate  is  pres- 
ent in  such  a  sample.  The  rate  of  phosphate  elimination  per  hour  was 
calculated  from  the  data  so  obtained. 

The  rate  of  the  secretion  of  urine  was  calculated  on  the  basis  of  cubic 
centimeters  per  hour  for  periods  before,  during  and  after  hyperpnoea. 

Blood  sugar  was  determined  by  the  Lewis  Benedict  method  (11). 

The  experiments  were  carried  out  at  different  times  of  the  day,  the 
duration  of  the  period  of  forced  breathing  varying  from  fifteen  to  forty 
minutes.  The  results  obtained  show  practically  the  same  types  <tf 
variations,  irrespective  of  the  time  the  experiments  were  carried  out, 


The  results  of  several  experiments  on  various  subjects  are  shown  in 
tabular  form  in  the  accompanying  tables.  Two  protocols  which  are 
more  or  less  typical  of  all  the  others  are  also  shown,  A  marked  diiu-eais 
occurred  during  the  period  of  the  experiment  in  nearly  every  instance. 
In  the  case  of  J.  A.  P.  where  it  seemingly  did  not  appear,  the  sample 
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voided  immediately  before  the  experiment  was  a  four-hoxir  specimen 
(8:00  a.m.  to  12K)0  nooa),  and  doubtless  secreted  in  a  period  during 
which  the  morning  diuresis  would  be  manifested.  The  rate  of  secretion 
per  hour  recorded  for  the  period  previous  to  the  experiment  when  such 
calculation  is  based  on  the  volume  of  a  sample  secreted  over  a  period 
of  some  hours  is  not  necessarily  therefore  a  true  index  of  the  rate  of 
secretion  for  the  hour  immediately  preceding  the  hyperpnoea.  The 
diuresis  continued  for  a  few  minutes  following  the  cessation  of  the  forced 
breathing,  then  the  rate  of  the  secretion  fell  off  sharply. 

The  tension  of  carbon  dioxide  in  the  alveolar  air  varied  from  39.5 
mm.  in  W.  A.  R.  to  50.9  nmi.  in  W.  N.  S.,  which  represents  approxi- 
mately the  range  of  variation  within  the  normal.  After  a  period  of 
twenty  to  forty  minutes  forced  breathing  the  tension  of  COt  in  the 
alveolar  air  fell  to  16  mm,  in  case  of  P.  E.  L.  and  28.8  mm.  in  subject 
E.  S.  S.  The  average  decrease  in  the  carbon  dioxide  tension  of  the  al- 
veolar air  in  fifteen  experiments  was  44  per  cent. 

It  was  found  in  those  cases  in  which  a  determination  of  the  alveolar 
carbon  dioxide  tension  was  made  at  intervals  after  the  cessation  of 
hyperpnoea,  that  there  was  a  return  to  within  4  to  6  mm.  of  the  ordinal 
tension  in  from  fifteen  to  twenty  minutes,  while  after  longer  intervals 
the  alveolar  carbon  dioxide  tension  was  usually  equal  to  or  greater  than 
that  existent  prior  to  the  experiment.  We  do  not  wish  to  draw  any 
inferences,  however,  when  only  smalt  differences  in  tension  are  recorded 
because  of  the  fact  that  the  Fridericia  apparatus  can  only  be  reUed 
upon  to  give  approximate  results. 

The  carbon  dioxide  combining  power  of  the  venous  plasma,  taken 
prior  to  the  period  of  forced  breathing  showed  about  the  normal  range 
of  variation  the  average  in  the  fifteen  experiments  beii^  represented 

by  the  factor  66.5.     The  ratio  ^^^!??5^  calculated  on  the  basis 

CO)  combined 
of  the  solubility  coefficient  of  carbon  dioxide  being  0.52  shows  but  little 
deviation  from  the  mean  of  0.0^70. 

The  carbon  dioxide  combining  power  of  the  venous  plasma  immedi- 
ately after,  or  during  the  last  few  moments  of  the  period  of  mcreased 
lung  ventilation,  showed  in  every  instance  a  marked  decrease,  the  aver- 
age fall  being  14.3  per  cent.  The  sudden  return  of  this  factor  to  the 
normal  value  was  most  striking.  This  was  practically  complete  in 
from  one  to  one  and  a  half  hours  after  the  hyperpnoea  had  ceased. 

The  titratable  acidity  of  the  urine  fell  very  abruptly  with  the  onset 
of  hyperpnoea.     This  was  due  to  the  increase  in  the  rate  of  secretion  of 
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basic,  ae  opposed  to  acid  phoepbstea,  as  has  been  shown  by  Leathee  (1), 
There  was  not  only  a  relative  increase  in  the  amount  of  basic  phos- 
phates, but  there  was  also  an  actual  increase  in  the  rate  of  excretion 
of  total  phosphates,  as  well  as  an  actua]  increase  in  concentration  of  the 
phosphates  in  the  urine.  In  one  instance  (E.  D.  E.)  the  uiine  voided 
immediately  after  the  cessation  of  hyperpnoea  was  alkaline  to  phenol- 
phthalein,  10  cc.  requiring  0.05  ce.  of  ^  ^i^  to  make  it  neutral  to 
this  indicator. 

The  titratable  acidity  of  the  urine  was  low  for  one  to  two  hours 
after  the  experiment,  then  it  rose  rather  sharply.  The  total  phosphate 
excretion  was  lower  in  the  period  immediately  succeeding  the  experi- 
ment, and  the  degree  of  concentration  of  the  same  was  also  less. 

Throughout  the  period  of  forced  breathing  the  excretion  of  carbonate 
was  marked  but  the  actual  amoimt  secreted  was  not  large. 

The  concentration  of  ammonia  in  the  urine  fell  during  the  experi- 
mental period  in  all  instances.  The  fall  was  very  marked  in  some,  but 
lees  marked  in  others. 

The  actual  excretion  rate  of  ammonia  was  always  less  during  hypo^ 
pnoea. 

The  hemoglobin  determination,  when  made,  indicated  little  or  no 
fluctuation. in  blood  volume  as  a  result  of  the  experiment. 

The  white  blood  cell  counts  point  to  a  mild  leucocytom  as  a  result  of 
the  forced  breathing. 

The  pulse  pressure  was  decreased  as  a  result  of  hyperpnoea.  This 
was  due  to  a  decreased  systolic  and  an  increased  diastolic  pressure. 
The  change  in  the  character  of  the  pulse,  as  determined  by  the  palpa- 
tory method,  was  most  marked.  The  actual  pulse  rate  was  decreased 
in  some  subjects  and  increased  in  others. 

The  blood  sugar  was  found  to  be  increased  in  one  instance  where 
this  factor  was  determined. 

Chart  1  illustrates  the  changes  noted  in  subject  E.  C.  M.  as  a  result 
of  thirty-four  minutes  hyperpnoea. 

The  symptoms  manifested  by  the  different  subjects  were  for  the  most 
part  more  or  less  similar,  differing  only  in  degree.  Objectively  the 
face  was  flushed  in  some  subjects,  it  showed  little  change  in  others, 
while  in  still  others  both  the  face  and  hands  became  pallid.  Muscle 
tonus  was  increased  in  all  instances  and  in  a  few  subjects  defluite  tetany 
was  observed.  The  muscles  affected  in  these  latter  instances  were 
those  of  the  fore-arm  and  hand  and  to  a  less  extent  the  muscles  of  the 
face  and  leg.    Profuse  sweating  was  noted  in  a  small  group  of  subjects. 
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Subjectively  the  ladividual  experienced  a  tingling  sensation  very  soon 
after  hyperpnoea  was  commenced.  This  was  localized  in  the  fingers, 
toes  and  teeth,  and  was  foUowed  soon  after  by  numbness  in  the  ex- 
tremities which  in  a  few  instances  amounted  to  almost  complete  cuta- 
neous anesthesia.  Most  subjects  showed  a  tendency  to  become  drowsy 
and  aU  were  more  or  less  dizzy  especially  if  they  attempted  to  walk. 
Frontal  headache  developed  in  a  few  subjects.  None  of  our  subjects 
complained  of  nausea  but  two  remarked  that  they  were  unusually 
hungry  and  thirsty  after  their  experiment. 


/.  A.  P. 

12fi0  m.       nriiie  226  ce.  4-hour  sample,  102  mgm.    NH,  per  100  oc.  62  per  cent 

12A5  p.m.  SyBtolic  pressure  112  mm.,  diastolic  64,  pulse  04. 

12:15  p.m.  AlTeol»r  air,  COt  —  5.7  per  cent 

12:17  p.m.  Blood  from  arm  vein  COt  combining  power  of  plasma  by  Van  Slyke 

method  06 
12:17  p.m.  to  I2£0  p.m.    Hyperpnoea 

12:50  p.m.  Alveolar  air  C0|  —  2.S  per  cent 

12:64  p.m.  Blood  from  arm  rein  G0|  of  plasma  64 

IdOp.tn.  Urine  52  xtc.  15  mgm,  NH|  per  100  cc.  5  per  cent  acid 

1  iX  p.m.  Systolic  pressure  108,  diastolic  SO,  pulse  70 

1:14  p.m.  Blood  from  arm  vein,  COi  of  plasma  61 

1:15  p.m.  Alveolar  air,  COi  —  5.8  per  cent 

3:15  p.m.  Blood  from  arm  vein  COi  of  plasma  06 

3:20  p.m.  Urine  55  cc,  76  mgm.  NHj  per  100  4S  per  cent  acid 

B.  C.  M. 

3:30  p.m.  Urine  100  cc.  l}-hour  sample, 76 mgm.  NHiper  100  50  per  cent  acid 

335  p.m.  Alveolar  air,  COt  -  6.1  per  cent 

3:40  p.m.  Blood  from  arm  vein,  C0|  of  plasma  —  64 

3:10  p.m.  to  4:14  p.m.    Hyperpnoea 

4:10  p.m.  Alveolar  air,  COt  -  2.3  per  cent 

4:13  p.m.  Blood  from  arm  vein,  COt  of  plasma  —  56 

4:1S  p.m.  Urine  100  oc.  4  mgm.  NH]  per  100  cc.  2.3  per  cent  aoid 

427  p.m.  Blood  from  arm  vein,  CO,  of  plasma  -  61 

5:15  p.m.  Urine  60  oe.,  2d  mgm.  NHt  pef  100  6.7  per  cent  acid 

5:25  p.m.  Blood  from  arm  rein,  CO*  of  plasma  -  63 

527  p.m.  Alveolar  air,  CO.  -  6,4  per  cent 

7i05  p.m.  Urine  110  cc.  65  mgm.  NHi  per  100  cc.  44  per  cent  acid 

9M)  p.m.  Urine  220  cc.  34  mgm.  NH|  per  100  cc.  52  per  cent  acid 

1136  p.m.  Urine  250  cc.  29  mgm.  NH,  per  100  cc.  22  per  cent  acid 
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DISCUSSION 

The  changes  produced  in  the  carbon  dioxide  combining  power  of 
the  blood  and  in  the  rate  of  excretion  of  phosphate,  ammonia  and  acid 
by  the  kidney,  by  forced  breathing,  and  the  various  symptoms  noted 
during  hyperpnoea,  are  interpreted  by  us  as  due  to  the  production  of 
a  mild  degree  of  alkalosis. 

The  "washing  out  of  carbon  dioxide"  from  the  blood  tends  to  de- 
crease the  normal  ratio  — *— ■  '-   (12),  by  decreasing  the  numerator. 

NaHCOi 
This  would  indicate  a  decrease  in  the  H-ion  concentration  of  the  blood. 
The  kidney  responds  at  once  by  excreting  a  less  acid,  or  even  an  alka- 
line urine  (E.  D.  E.),  at  the  same  time  the  rate  of  secretion  is  increased, 
and  a  small  quantity  of  sodium  bicarbonate  is  excreted.  These  facts 
would  favor  a  mechanical  interpretation  of  kidney  function. 

Van  Slyke  (9)  has  suggested  that  the  alkali  reserve  of  the  blood 
plasma  may  be  taken  as  an  index  of  the  alkali  reserve  of  the  whole  body. 
If  this  were  always  so  it  would  appear  in  the  experiments  reported  in 
this  paper  that  a  great  decrease  in  the  alkaU  reserve  of  the  body  had 
occurred.    This  however  is  obviously  not  the  case,  or  the  prompt  re- 
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turn  of  the  blood  bicarbonate  to  its  nomial  level  within  a  few  minutes 
after  the  cessation  of  hyperpnoea  would  not  be  possible. 

Again  the  kidney,  while  excretii^  lai^r  quantities  of  alkali  during 
the  experimental  periods,  does  not  eliminate  sufficient  to  account  for 
the  fall  in  blood  bicarbonate  observed.  The  reaction  of  the  blood  is 
protected  to  a  certain  degree  during  the  stage  of  ' '  washing  out  of  carbon 
dioxide"  by  increased  excretion  of  alkali  by  the  kidney.  What  is 
most  important,  however,  is  the  buffer  action  of  the  tissue.  The  tissue 
soaks  up  alkah,  as  Henderson  (2)  has  shown,  and  in  so  doing  must  change 
its  own  reaction  to  an  appreciable  extent.  The  alkali  which  is  taken 
up  by  the  tissue  during  the  stage  of  low  carbon  dioxide  tension  in  the 
blood,  is  apparently  returned  to  the  blood  as  the  carbon  dioxide  tension 
of  the  latter  rises  following  the  cessation  of  hyperpnoea. 

Tileston  (13)  has  reported  severe  tetany  in  a  case  of  Weil's  disease 
foUowing  intravenous  injection  of  sodium  bicfu-bonate  solution  produc- 
ing a  plasma  carbon  dioxide  combining  power  of  80  volumes  per  cent. 

We  have  injected  large  doses  of  5  per  cent  sodium  bicarbonate  in 
distiUedwater  intravenously  into  dogs  under  local  as  well  as  general  anes- 
thesia, but  in  two  cases  only  haa  the  least  sign  of  tetany  been  mani- 
fested. The  dc^  may  however  have  a  greater  tolerance  for  bicfu*bonate 
than  the  human  subject. 

The  ratio which  has  been  determined  for  all  subjects 

CO]  combmed 
prior  to  and  after  the  experiment  from  the  data  furnished  is  not  in  the 
latter  instance  a  reliable  index,  as  the  carbon  dioxide  actually  held  in 
combination  as  bicarbonate  in  the  venous  blood  would  be  several  points 
lower  than  shown  in  the  table,  the  plasma  in  all  instances  having  been 
saturated  with  alveolar  air  from  the  normal  subject.  When  the  true 
value  for  COi  combined  in  the  venous  plasma  of  the  subject  at  the 
end  of  an  experiment  was  determined,  it  was  found  that  the  ratio 
CO.  dissolved 
pjT r-- — J  was  stul  much  below  normal,  thus  mdicatmg  that  an 

actual  decrease  in  H-ion  concentration  of  the  blood  had  occurred. 

Unless  there  are  acids  other  than  carbonic  which  appear  in  the  blood 
concomitant  with  the  "washing  out  of  carbon  dioxide,"  the  hydrogen 
ion  concentration  must  be  decreased  by  hyperpnoea.  The  urine  was 
examined  in  several  instances  for  aceto-acetic  acid  but  none  was  found. 
No  exs^nination  was  made  for  lactic  acid  in  blood  or  urine.  This  latter 
substance  has  been  shown  by  Macleod  (14)  to  appear  in  the  urine  in 
increased  amount  after  alkali  administration.     It  is  possible  that  it 
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might  be  a  compensating  factor  in  these  experiments.  The  decrease 
in  the  rate  of  ammonia  elimination  observed  is  in  keeping  with  previous 
work  on  the  significance  of  the  ammonia  factor.  We  have  fomtd  that 
the  decrease  in  the  rate  of  secretion  of  ammonia  is  not  at  all  uniform. 
The  excretion  is  markedly  suppressed  in  some  cases,  while  in  othere 
the  rate  of  elimination  is  only  slightly  depressed. 

The  exact  cause  of  the  hyperglycemia  noted  in  P.  E.  L.  was  not  de- 
termined. 

The  leucocytosia  noted  in  some  subjects  as  a  result  of  byperpnoea  is 
due  probably  to  the  mechanical  factor  involved.  The  lymph  nodes  in 
the  thorax  are  directly  stimulated  by  the  excesuve  respiratory  move- 
ments and  aa  a  result  give  up  white  cells.  It  was  found  in  a  control 
experiment  on  a  dt^  that  no  increase  in  the  white  cell  count  rented 
after  the  intravenous  injection  of  \\  g.  of  sodium  bicarbonate  per  kilo. 

The  development  of  definite  tetany  and  "muscle  cramps"  in  many 
subjects  during  hyperpnoea  appears  to  us  of  great  significance.  These 
manifestations  are  due,  it  would  appear,  to  an  alkalosis  of  the  tissue. 

These  observations  would  lend  support  to  the  view  of  Wilson  (16) 
and  others  that  parathyroid  tetany  is  a  fonn  of  alkalosis. 

It  is  possible  that  the  development  of  "cramp"  in  swimmers  and  also 
in  runners  may  be  due  to  a  tissue  alkalosis.  The  increased  lung  venti- 
lation, in  both  swimmers  and  runners,  may  result  at  times  in  a  propor- 
tionally greater  carbon  dioxide  loss  than  production  and  if  such  a  con- 
dition did  occur  then  a  tissue  alkalosis  might  result.  Ether  spasm  may 
also  be  due  to  a  temporary  alkalosis  resulting  from  hyperpnoea. 

SnUUABT 

1.  The  effect  of  prolonged  voluntary  hyperpnoea  in  normal  adults 
on  the  carbon  dioxide  tension  of  the  alveolar  air,  the  carbon  dioxide 
combining  power  of  the  venous  plasma,  the  rate  of  excretion  of  water, 
ammonia,  basic  and  acid  phosphates  by  the  kidney  has  been  determined. 

2.  The  average  fall  in  the  COi  tension  of  the  alveolar  air  was  44  per 
cent. 

3.  The  average  fall  in  the  COt  combining  power  of  the  venous 
plasma  was  14.3  per  cent. 

4.  The  acidity  of  the  urine  was  markedly  decreased. 

5.  A  diuresis  was  noticed. 

6.  The  rate  of  the  elimination  of  phosphates  was  increased. 

7.  The  rate  of  ammonia  excretion  was  suppressed. 
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8.  A  leucocytosis  was  observed. 

9.  Hyperglycemia  was  produced. 

10.  Typical  symptoms  were  manifested. 

11.  It  ia  suggested  that  muscle  "cramp"  and  ether  spasm  may  be 
due  to  a  temporary  alkalosis. 
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In  two  papers,  published  in  the  January  number  of  this  Journal, 
Kanda  (1)  has  oriticised  my  work  (2)  on  Cypridina  hilgendorfii  and 
has  come  to  the  conclusion  that  the  luminescence  of  this  animal  is  not 
an  oxidation.  Before  showii^  that  this  is  incorrect  I  wish  to  discuss 
several  points  which  Kanda  has  brought  up.  While  I  think  it  is  always 
unfortunate  to  engage  in  controversial  communications,  the  relation 
of  oxygen  to  liuniuescence  is  so  fundamental  that  I  feel,  in  the  interest 
of  truth,  it  is  necessary  to  answer  hia  criticism.  I  trust  that  the 
methods  of  removing  oxygen  herein  described  may  be  of  value  to 
physiolc^psts  in  general. 

First  I  call  attention  to  the  fact  that  I  have  dropped  the  words 
pbotogenin  and  pbotophelein  as  used  in  the  paper  which  Kanda  criti- 
cises and  have  adopted  Dubois'  terminology,  luciferase  and  luciferin, 
and  believe  Dubois'  interpretation  is  correct.  My  reasons  for  this  are 
given  in  a  paper  (3)  which  clears  up  many  of  Kanda's  criticisms,  pub- 
lished in  November,  1918,  fourteen  months  before  Kanda's  paper 
appeared  and  twelve  months  before  Kanda's  paper  was  accepted  for 
publication. 

Second,  Kanda  remarks  that  I  am  "misled"  in  the  use  of  the  terms 
"luminous  organ,"  "luminfius  gland,"  etc.,  and  did  nqt  realize  that 
the  luminous  material  must  be  extruded  from  the  gland  cell,  before  the 
luminescence  appears.  I  have  always  realized  this  and  on  page  320  (2) 
state  that  "these"  (granules  in  the  gland  cells)  "are  extruded  and  dis- 
solve to  a  colorless  solution,  absolutely  free  of  visible  granules,  which 
gives  the  hght."  Students  of  animal  hght  use  the  word  luminous 
gland  whether  the  luminescence  is  intracellular  or  extracellular.  Al- 
though I  am  credited  with  giving  a  "full  account  of  the  maxillary 
gland"  by  Kanda  I  never  intended  to  do  this  but  referred  for  structural 
peculiarities  to  Professor  Yatsu's  paper  (4),  which  appeared  later  in 
the  Journal  of  Mor-phology  and  the  proof  of  which  I  corrected.     I  am 
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quite  aware  that  two  different  secretione  are  fonned  in  the  luminous 
gland.  In  fact  three  different  types  of  granules  can  be  observed  in  the 
gland  of  the  living  animal  and  Dahlgren  (5)  has  deacribedj  from  stained 
sections,  four  different  secretions. 

Third,  on  page  557  (1),  referring  to  protein  teats  on  the  luminous 
material,  there  is  evidently  some  bad  proof  reading,  but  in  addition,  by 
not  quoting  me  fully,  Kanda  gives  the  impression  that  since  I  obtained 
negative  results  with  protein  tests  I  believe  the  luminous  materials  of 
Cypridina  are  not  of  protein  nature.  What  I  said,  that  Kanda  omits, 
is,  "I  do  not  mean  to  infer  from  this"  (negative  biochemical  testa) 
"that  the  luminous  substance  is  neither  protein,  fat,  nor  carbohydrate 
but  merely  that  the  concentration  giving  a  br^ht  hght  is  too  small  to 
respond  to  chemical  tests"  (2,  p.  322).  If  Kanda  will  examine  my 
paper  (6)  on  "The  chemical  nature  of  Cypridina  luciferin  and  Cypri- 
dina luciferase,"  which  appeared  twelve  months  before  his  paper,  he 
will  find  the  chemical  nature  of  Cypridina  luciferin  and  luciferase  fully 


Kanda  evidently  r^ards  his  discovery  that  the  production  of  light 
by  Cypridina  hilgendorfii  is  not  an  oxidation  a  most  important  one,  as 
he  devotes  a  separate  paper  to  this  subject  (1,  p.  561).  It  would  be 
important  if  it  were  true,  but  it  is  not  true.  A  very  low  pressure  of 
oxygen  is  sufiScient  to  cause  luminescence  and  these  traces  of  oxygen 
must  have  been  present  in  Kanda's  experiments.  Briefly, '  Kanda's 
experiment  is  as  follows:  He  placed  dried  Cypridina  powder  in  a  bottle 
connected  with  a  vacuum  pump,  a  gas  generator  and  a  flask  of  oxygen- 
free  water  in  such  a  way  that  the  air  in  the  bottle  could  be  evacuated 
and  then  replaced  by  water  saturated  with  Ht,  Ni  or  any  other  gas  to 
be  investigated.  Rubber  stoppers  and  nibber-glass  joints  were  used. 
He  obtained  luminescence  when  the  oxygen-free  (supposedly)  water  is 
allowed  to  come  in  contact  with  dry  Cypridina  powder  in  the  oxygen- 
free  (supposedly)  bottle,  and  he  consequently  concluded  that  no  oxygen 
is  necessary  for  luminescence    This  method  is  faulty  in  two  respects. 

First  I  must  point  out  that  it  is  an  exceedingly  difficult  matter  to 
remove  th^  last  traces  of  oxygen  from  a  gas  or  from  water  and  to  keep 
the  oxygen  away,  and  that  it  is  practically  impossible  to  do  this  with 
the  cumbersome  and  complicated  apparatus  .which  Kanda  uses  (1, 
p.  562).  Air  will  leak  in  around  rubber-glass  joints  especially  when 
subjected  to  a  vacuum,  no  matter  how  tight  they  may  appear.  I 
long  ago  discarded  rubber -glass  connections  where  apparatus  must 
be  evacuated  and  then  filled  with  pure  gas.    The  only  way  to  keep  air 


lizcd^yGoOi^Ie 


582  E.  NEWTON  HAHVBY 

from  leaking  into  an  apparatus  is  to  have  all  glass  connectioos  or  make 
joints  of  lead  tubing  and  deKotinsky  cement.  A  small  amount  of 
oxygen  is  present  in  Kanda's  apparatus  and  this  is  sufficient  to  give 
the  luminescence  he  has  observed.  I  would  advise  Kanda  to  teat 
hia  apparatus  by  placing  a  small  piece  of  phosphorus  in  bottle  E  and 
determining  if  its  luminescence  ceases  under  the  same  conditions  in 
which  the  luminescence  of  Cypridina  continues.  The  phosphorus  must 
not,  of  course,  be  entirely  covered  with  water.  The  luminescence  of 
phosphorus  requires  only  a  very  low  oxygen  pressure  and  for  some 
time  it  was  thought  not  to  be  an  oxidation  but  the  earher  investigators 
did  not  realize  how  low  is  the  oxygen  pressure  necessary  for  lumines- 
cence. It  should  also  be  remembered  that  at  ordinary  temperatures 
phosphorus  does  not  luminesce  in  pure  oxygen.  Nevertheless  the 
luminescence  of  phosphorus  is  the  reeult  of  an  oxidation. 

The  second  source  of  error  is  due  to  the  fact  that  one  can  never 
remove  all  the  oxygen  from  dried  Cypridina  with  an  air  pump.  There 
is  some  gas  present  in  the  dried  tissue  and  if  this  tissue  is  moistened 
with  absolutely  oxygen-free  water,  l^t  will  result.  I  cannot  attempt 
to  explain  how  this  gas  is  held  in  the  dried  tissue,  whether  absorbed, 
chemically  bound  or  mechanically  entangled,  but  it  is  there.  The 
experiment  which  has  led  me  to  the  above  conclusion  will  be  found 
at  the  end  of  this  paper,  after  experiments  which  show  the  dependence 
of  Cypridina  luminescence  on  oxygen  have  been  described. 

The  following  experiment  shows  conclusively  that  the  luminescence 
of  Cypridina  is  an  oxidation  and  requires  the  presence  of  free  oxygen. 
The  vessel,  A  (fig.  1),  is  partly  filled  throi^h  stopcock  a  with  a  filtered 
luminescent  aqueous  solution  of  luciferin  and  luciferase.  If  the  luci- 
ferin  is  concentrated  and  the  luciferase  dilute,  the  luminescence  will 
be  bright  and  last  with  very  gradually  fading  intensity  for  20  or  more 
minutes.  Tube  B,  which  is  sealed  to  A  with  all  glass  connections 
throi^h  stopcock  b,  contains  a  sealed-in  platinum  spiral  which  can  be 
made  to  glow  by  passing  an  electric  current  through  it.  Hydrogen 
gas  from  a  cylinder  is  passed  over  the  glowing  spiral  and  tbroi^h  the 
luminescent  solution.  Any  oxygen  which  the  hydrogen  contains  is 
burned  to  water.  This  is  a  much  simpler  and  more  efficient  way  of 
removing  the  oxygen  than  absorption  in  alkaline  pyrogallol.  By  con- 
necting a  to  an  air  pump  and  properly  tumii^  the  stopcocks  a  and  b, 
vessel  A  can  be  alternately  evacuated  and  filled  with  hydrogen.  Three 
or  four  repetitions  of  this  procedure  are  sufficient  to  render  the  lumi- 
nescent solution  in  vessel  A  free  of  oxygen  and  the  light  disappears. 
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By  tumii^  off  the  platinum  glower,  a  small  amount  of  oxygen  can  now 
be  admitted  alor^  with  the  hydrogen,  and,  allowing  this  hydrogen, 
which  may  contain  less  than  }  of  1  per  cent  of  oxygen,  to  bubble 


m 
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/\ 


through  the  solution  in  A,  we  find  that  light  reappears.  I  think  this  is 
conclusive  evidence  that  for  Cypndina  luminescence  oxygen  is  neces- 
sary and  that  the  photogenic  reaction  is  an  oxidation.  The  same  thing 
can  be  demonstrated  by  other  methods. 
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One  of  the  best  ways  of  removing  oxygen  from  a  solution  is  to  add 
living  cells  to  that  solution  and  allow  them  to  withdraw  any  oxygen 
that  may  be  present.  If  a  dense  suspension  of  washed  yeast  cells  is 
added  to  a  glowii^  mixture  of  luciferin  and  luciferase  in  a  test  tube, 
the  luminescence,  which  previously  was  uniform  throughout  the  tube, 
very  quickly  disappears  except  at  the  surface  in  contact  with  air.  If 
the  tube  is  now  stoppered  and  inverted  so  as  to  allow  a  bubble  of  air  to 
rise  through  the  solution,  the  luminescence  reappears  but  again  dis- 
appears when  the  oxygen  dissolved  from  this  bubble  is  utilized.  The 
alternate  appearance  of  light  on  admitting  air  and  disappearance  when 
the  yeast  uses  up  all  the  oxygen  can  be  observed  any  number  of  times. 
The  same  thing  can  be  shown  by  allowing  Cypridina  material  itself  to 
use  up  the  oxygen.  Other  phenomena  which  indicate  that  Cypridina 
luminescence  is  an  oxidation  will  be  found  in  my  recent  paper  (7). 

Having  demonstrated  that  oxygen  is  necessary  for  luminescence  I 
will  now  describe  the  experiment  which  indicates  that  all  the  oxygen 
cannot  be  removed  from  dried  powdered  (in  a  mortar)  Cypridina 
material  with  an  air  pump.  Kanda  assumes  that  this  can  be  done 
and  I  think  his  principal  source  of  error  lies  in  this  assumption.  It  is 
known  that  when  water  vapor  is  allowed  to  freeze  at  a  temperature  of 
solid  carbon  dioxide,  the  ice  crystals  contain  no  disaolved  gases.  We 
may  make  use  of  this  fact  to  obtaio  a  small  amount  of  gas-free  water. 
A  glass  tube,  T,  of  the  form  shown  in  figure  2,  is  surrounded  at  the 
closed  end,  A,  with  soUd  carbon  dioxide  in  a  Dewar  tube  and  kept  at 
this  low  temperature  throughout  the  experimental  procedure.  A  nar- 
row glass  tube  is  then  inserted  within  the  lai^er  tube  and  moist  ur 
directed  against  the  cooled  surface,  A.  A  layer  of  frost  immediately 
forms.  Care  must  be  taken  that  drops  of  water  do  not  fall  upop 
surface  A  and  immediately  freeze  as  under  these  conditions  bubbles  of 
gas  may  be  mechanically  held  in  the  ice.  The  narrow  tube  is  removed 
and  a  httle  dried  Cypridina  powder  is  now  placed  in  the  bottom  of  T. 
By  inserting  again  a  narrow  tube  connected  with  a  hydrogen  tank, 
the  tube  T  is  filled  with  hydrogen.  The  C  end  of  the  tube  must  be 
held  down  in  order  that  the  light  hydrogen  may  not  escape.  Having 
filled  T  with  hydn^en,  it  is  connected  to  an  air  pump,  thoroughly 
evacuated  and  sealed  off  at  B.  All  this  time  the  A  end  of  the  tube 
has  been  kept  at  a  temperature  of  solid  carbon  dioxide.  The  hydrogen 
used  to  fill  T  contained  0.43  per  cent  of  oxygen,  let  us  say  0.5  i)er  cent. 
The  vacuum  pump  was  capable  of  giving  a  vacuum  of  less  than  0.5 
mm.  Kg.     The  partial  pressure  of  oxygen  from  the  gas  left  in  this 
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tube  f^ter  evacuation  was  therefore  less  than  ^H  of  0.5  =  0.0025  mm. 
Hg.    We  shall  return  to  this  figure  shortly. 

After  sealing,  tube  T  is  removed  from  the  Dewar  tube  and  the  ice 
allowed  to  melt.  As  the  water  surrounds  the  dried  Cypridina  powder 
a  fair  luminescence  results.  If  the  tube  is  now  broken  and  air  allowed 
to  rush  in,  a  perfectly  brilltluit  luminescence  results.  How  can  this 
brilliant  luminescence  be  the  result  of  anything  else  than  the  oxygen 
of  the  air?  Since  I  have  previously  shown  that  when  the  oi^rgen  is 
completely  removed  from  luciferin  and  luciferase  no  luminescence  is 
visible,  how  can  the  first  weaker  luminescence,  which  is  observed  when 
the  ice  is  allowed  to  melt,  be  the  result  of  anything  but  oxygen  which 
does  not  come  out  of  the  tissue  in  a  vacuum,  or  the  oxygen  of  the 
residual  gas?  It  must  be  admitted  that  0,0025  mm.  Hg-  oxygen 
pressure  is  a  very  low  one  to  cause  any  kind  of  luminescence  and  that 
the  light  observed  must  have  been  the  result  of  oxygen  entangled  in 
the  tissue  rather  than  the  0.0025  mm.  of  the  residual  gas.  I  find  that 
0.0025  mm.  Hg.  oxygen  pressure  is  far  too  low  to  cause  phosphorus  to 
luminesce.  An  experiment  performed  in  exactly  the  same  manner  as 
above  but  substituting  a  fragment  of  phosphorus  in  place  of  Cypridina 
powder  gave  no  luminescence  whatsoever  when  the  ice  was  melted' 
but  a  bright  luminescence  when  the  tube  was  broken  and  air  allowed 
to  rush  in. 

I  report  this  experiment  to  show  that  Kanda's  method  is  not  suitable 
and  that  oxygen  comes  from  somewhere  when  dried  Cypridinae  are 
moistened  with  gas-free  water,  even  under  the  most  favorable  con- 
ditions for  excluding  oxygen,  and  that  the  oxygen  presumably  comes 
from  the  tissue  itself.  We  may,  however,  use  the  tubes  prepared  as 
above  to  again  show  the  dependence  of  luminescence  on  oxidation.  If 
such  a  tube  is  not  opened  immediately,  the  luminescence  continues 
for  a  while  gradually  becoming  fainter  and  fainter.  With  small  oxygen 
pressure  the  photogenic  reaction  proceeds  very  slowly.  In  the  course 
of  48  hours  the  light  disappears  entirely.  The  luciferin  has  used  up 
the  last  traces  of  oxygen  present.  If  the  tube  is  now  broken  and  air 
allowed  to  enter,  a  brilliant  luminescence  results.  Tubes  containing 
luciferase,  luciferin  and  water  may  be  sealed  in  absence  of  oxygen 
and  kept  for  months  without  a  trace  of  luminescence,  but  if  air  is 
admitted  a  brilliant  luminescence  immediately  appears. 

'  It  must  be  pointed  out  that  phosphorus  does  not  require  water  to  lumineace. 
The  water  waa  merely  added  to  carry  out  the  experiment  in  exactly  the  same 
way  as  the  Cypridina  powder  experiment. 
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Kanda  finds  that  when  he  admits  water  in  atmospheree  of  various 
gases  to  his  dried  Cypridina  material  in  bottles,  E,  Ei,  the  luminescence 
is  at  first  about  equally  br^ht  with  Ht,  Nj,  CO,  COi,  air  and  Oi.  Very 
soon  the  brightness  falls  off  rapidly  in  Oj,  fairiy  rapidly  in  air,  but  the 
luminescence  continues  bright  for  a  long  time  in  Hi  and  Ni.  We  may 
omit  the  results  with  CO  and  COj  since  these  were  found  to  make  the 
solution  acid  (1,  p.  571)  and  this  introduces  another  factor.  Since 
the  bright  light  lasts  longer,  the  less  oxygen  is  present  Kanda  concludes 
"that  oxygen  is  not  necessary  for  the  production  of  hght  by  the 
material,"  and  "if  the  production  of  light  by  the  animal  is  due  to  an 
oxidation,  as  Harvey  claims,  the  more  intense  light  should  be  produced 
by  the  greater  concentration  of  oxygen.  This  is  not  the  case,  and  the 
'  writer  therefore  concludes  that  the  production  of  light  by  the  animal  is 
not  an  oxidation"  (1,  p.  571). 

What  has  happened  in  Kanda's  experiment  is  this.  The  initial 
amount  of  oxygen  present  in  bottles,  E,  Ei,  when  water  is  allowed  to 
flow  on  the  Cypridina  material,  is  above  the  amount  necessary  to  give 
the  maximum  light.  Hence  the  luminescence  is  equally  bright  at  first 
in  all  gasea.  In  air  or  oxygen  the  oxidation  goes  on  sufficiently  rapidly 
to  use  up  the  luciferin  and  reduce  its  concentration  very  markedly. 
Consequently  the  luminescence  fades  in  these  gases.  I  have  found 
that  the  intensity  of  Cypridina  luminescence  is  greater  the  greater  the 
concentration  of  luciferin,  up  to  a  certain  limit,  and  also  that  the  in- 
tensity of  luminescence,  other  factors  remaining  the  same,  does  not 
change  when  the  oxygen  concentration  is  increased  from  somewhere 
near  7  per  cent  to  100  per  cent  or  pure  oxygen.  In  other  words,  the 
luminescence  intensity  is  at  a  maximum  when  the  partial  pressure  of 
oxygen  is  about  53  mm.  Hg.  (=7  per  cent)  and  uicreasiug  the  pre^ure 
of  oxygen  above  this  value  does  not  increase  the  intensity  of  lumines- 
cence. The  phenomenon  is  similar  to  the  taking  up  of  oxygen  by 
hemoglobin.  At  20°C.  hemoglobin  is  95  per  cent  saturated  at  a  partial 
pressure  of  oxygen  of  about  55  mm.  Increasii^  the  oxygen  pressure 
above  this  will  not  cause  much  more  oxygen  to  be  taken  up.  As 
oxyhemoglobin  is  bright  red  in  color  as  contrasted  with  dark  red  re- 
duced hemoglobin,  we  may  say  that  it  is  95  per  cent  bright  red  at  55 
mm.  pressure  of  oxygen  and  will  not  become  an  appreciably  brighter 
red  if  the  pressiu-e  of  oxygen  is  increased  to  760  mm.  Hg.  (100  per  cent 
or  pure  oxygen).  I  have  made  this  comparison  with  hemoglobin  in 
my  book,  The  nature  of  animal  light,  now  in  press  and  to  appear  shortly. 
Many  facts  bearing  on  oxidation  and  luminescence  will  be  found  there. 
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FiDally  I  may  add  that  the  experimentB  here  reported  were  all  per- 
formed over  a  year  ago,  many  of  them  two  years  a^,  but  were  not 
published  becauBe  they  demonstrated  nothing  new.  I  have  recently 
repeated  them  to  make  sure  of  my  facts — and  with  the  same  result.  I 
will  therefore  conclude  this  article  with  my  statement  made  in  January, 
1917  (p.  321),  and  quoted  by  Kaudo — "Oxygen  is  necessary  for  light 
production  as  may  be  seen  by  placing  the  crushed  animals  in  an  hydro- 
gen atmosphere,  or  by  bubblii^  hydrogen  through  a  glowing  extract 
of  the  animals.  The  Ught  never  completely  disappears  even  after  a  long 
time,  but  remains  dim  so  that  very  httle  oxygen  (as  do  special  pre- 
cautions were  taken  to  remove  the  last  traces  of  oxygen  from  the 
hydrogen,  prepared  in  a  Kipp  generator)  is  sufficient  to  give  light. 
Upon  readmitting  oxygen,  however,  a  brilliant  glow  results.  Every 
other  species  of  luminous  animal  investigated  likewise  requires  oxygea 
for  luminescence." 
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Notwithstanding  the  many  InvestigationB  that  have  been  carried  on 
along  the  lines  of  studying  the  physiological  effects  of  the  adminis- 
tration of  pituitary  substance,  there  is  yet  to  be  found  in  the  literature 
any  report  of  the  changes  induced  in  the  amounts  of  the  total  nitrogen, 
non-protein  nitrogenous  constituents,  sugar  and  alkaline  reserve  of 
human  blood  as  the  result  of  its  ingestion. 

This  paper  is  a  report  of  such  a  study  made  on  six  males,  three  patients 
and  three  nurses  at  this  hospital,  none  ef  whom  were  endocrinopathic. 
The  bloods  were  taken  from  any  given  individual  on  the  same  day  of 
the  week  and  but  once  a  week  throughout  the  period  of  study.  The 
specimens  for  analysis  were  taken  three  and  a  half  hours  after  break- 
fast, it  having  been  found  that  bloods  taken  at  this  time  are  not  sig- 
nificantly different  in  this  respect  from  bloods  taken  before  the  morning 
meal  (1). 

The  total  nitrogen  was  determined  by  the  micro-Kjeldahl  method  of 
Folin  and  Farmer  (2)  in  a  1  to  50  dilution  of  1  cc,  of  the  blood.  The 
non-protein  nitrogen,  urea  nitrogen,  creatinine,  creatine,  uric  acid  and 
sugar  were  determined  according  to  the  methods  of  Folin  and  Wu  (3). 
The  estimations  of  the  amino-acid  nitrc^eQ  and  of  the  alkaline  reserve 
were  carried  out  with  the  apparatus  and  methods  of  Van  Slyke  and  his 
collaborators  (4),  (5),  The  rest  nitrogen  is  the  difference  between  the 
sum  of  the  nitrogen  found  as  urea,  creatinine,  creatine,  uric  acid  and 
amino-acid  and  the  total  non-protein  nitrogen.  As  a  matter  of  m- 
terest,  the  twenty-four  hour  urea  excretion  was  abo  determined  for  the 
days  on  which  the  blood  was  collected.  The  period  of  observation  for 
each  subject  consisted  of  nine  weeks.  During  the  first  three  weeks 
no  pituitary  was  fed.  During  the  second  three  weeks  a  2^rain  tablet 
of  desiccated  pituitary  substance  was  ingested  three  times  a  day. 


lizcdbyGoOi^I' 


C 


_i 


PHTSIOLOaiCAL  RESPONSE  TO   PITUITAHr  INOESTtON 


g  the  retuiU  of  the  blood  analyses  before,  during  and  after  tke  ingestion 
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Tbeae  tableB  are  the  resultB  of  the  determinations  of  the  various  constitueutB 
and  represent  amounts  per  100  ec.  of  blood.  The  values  for  the  nitrogenous 
compounds  are  given  in  terms  of  nitrogen.  The  abbreviations  NP-non-protein 
nitrogen;  Kt — creatinine;  Kn — creatine;  UA — uric  acid;  AA — amino  acid; 
Alk.  Res. ;  Cc.  of  COi  reduced  to  0";  760  mm.  bound  M  bicarbonate  in  100  cc.  of 
plasma.  The  urea  nitrogen  expressed  in  grams  are  the  amounts  excreted  per  24 
hours  on  the  day  on  which  the  blood  waa  taken. 
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During  the  last  three  weeks  the  use  of  pituitary  was  discontinued. 
Any  variations  from  this  general  plan  are  noted  in  the  tables. 

The  only  valid  and  consistent  change  observed  is  the  increase  in  the 
blood  uric  acid  occurring  with  and  following  the  administration  of  the 
pituitary  substance.  This  appeared  in  four  out  of  the  six  subjects 
studied.  The  concentration  of  this  blood  constituent  did  not  fall  back 
to  the  values  observed  before  the  period  of  pituitary  feeding  during  the 
three  weeks  followii^  its  administration,  which  may  be  taken  to  indi- 
cate either  a  retarded  elimination  or  destruction  of  the  drug,  or  that 
its  effect  tends  to  outlast  its  direct  action. 

Two  explanations  of  the  increase  in  uric  acid  concentration  in  the 
blood  are  possible,  one  being  that  the  ingestion  of  pituitary  sub- 
stance stimulates  the  nuclear  metabolism  resulting  in  an  increased  uric 
acid  production,  the  second  being  that  the  drug  causes  a  decrease  in 
kidney  permeability.  A  combination  of  the  two  effects  may  be  pos- 
sible. However  since  Meyers  and  Fine  (6)  have  shown  that  as  the 
kidney  permeability  is  lowered  the  uric  acid  excretion  seems  to  be 
retarded  to  a  greater  degree  than  other  soluble  nitrogenous  blood  con- 
stituente,  and  since  Addis,  Bamett  and  Shevky  (7)  have  found  that 
the  subcutaneous  injection  of  pituitrin  is  followed  by  a  marked  de- 
pression of  the  activity  of  the  kidney  in  the  excretion  of  urea,  it  would 
appear  as  if  the  increased  uric  acid  of  the  blood  observed  as  the  con- 
comitant and  sequence  of  pituitary  ingestion  is  due  to  a  decreased 
permeability  of  the  kidneys. 

The  two  subjects  not  exhibiting  this  reaction  give  the  physical  and 
mental  characteristics  of  the  adrenal  type  if  we  accept  the  classification 
of  Lavastine  (8),  and  while  the  interpretation  of  their  non-response  is 
purely  speculative  it  is  possible  to  consider  that  because  of  this  physio- 
logical characteristic  the  administration  of  pituitary  had  but  little  if 
any  effect  upon  the  kidney  permeability.  This  hypothesis  is  indi- 
rectly supported  by  the  findings  of  Addia,  Shevky  and  Bevier  (9)  that 
"the  subcutaneous  injections  of  amounts  of  adrenalin  which  increase 
the  urea  excreting  activity  of  the  kidney  and  of  amounts  of  pituitrin 
which  depress  that  activity,  have  no  effect  when  they  are  injected 
together  in  a  certain  balanced  proportion." 

There  are  no  differences  in  reaction  to  the  drug  on  the  part  of  the 
normals  as  distinguishable  from  the  patients. 
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In  four  out  of  six  individuals  studied  the  ingestion  of  pituitary 
eubstance  caused  an  increase  in  the  unc  acid  concentration  of  the 
blood.  This  is  interpreted  as  being  probably  due  to  a  decreased 
kidney  permeabihty  brought  about  by  the  administratioa  of  the 
drug. 
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Accuracy  m  Therapeutics 


The  pncdciog  pliyncian  wants  a  definite  result  from  « 
definite  dosage. 

He  does  not  alvrays  get  iL    Whlf  ? 

Varialiili^  in  iKe  remedial  agents  of  die  maAet  is  taigely 
responaible.  Prqiarations  of  questionable  quali^r  and  potent 
are  Hr  too  common.  Administntion  of  such  products  is  most 
uncertain  medication. 

♦  ♦       ♦ 

There  is  one  method  by  which  die  dxerapeutic  wotdi  of 
medicinal  preparations  m^  be  definitdy  determined  before 
administration.  That  method  is  by  (may,  chemical  or  physio- 
logical.   That  mediod  is  oar  method. 

We  standardize  our  mtire  output  of  phamwcentical 
and  biological  products  — our  fiuid,  solid  and  powdered 
extracts;  tinctures,  elixirs,  pills,  tablets,  serums,  vaccines — 
diemically  or  physiologically,  to  the  utmost  degree  possible 
in  the  present  development  of  chemical  and  pharmacological 
knowledge.  We  were  pioneors  in  standardization,  both  chen^ 
ical  and  physiological. 
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Specify  **  Parke,  Davit  A  Co.**  when  ordering  or  pre- 
scribing. Have  pomtive  assurance  diat  die  agents  you  administer 
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